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REGULARITIES IN THE SPARK SPECTRUM 
OF HAFNIUM (HfII)! 


By Wituiam F. MEGGERS AND Bourpon F. ScriIBNER 


Hafnium was discovered by Coster and Hevesy’ in January, 1923, 
and a list of about 800 spectral lines (2253.95A to 7240.8A) ascribed 
to the new element was published the same year by Hansen and Wer- 
ner. Without disparaging this preliminary list it was nevertheless 
felt that an improved description of the optical emission spectra of 
hafnium should precede attempts to analyse the structures of its various 
spectra, and the presentation of a sample of highly purified hafnium 
salt by Professors Bohr and Hevesy made it possible for us to study the 
spectra more intensively. The arc and spark spectra were photographed 
with our largest prism and grating spectrographs and the wave-lengths 
of about 1500 Hf lines were measured between the limits 2155.72A in 
the ultraviolet and 9250.27A in the infrared.‘ In this investigation an 
attempt was made to improve upon the earlier description of these 
spectra (1) by extending observations to shorter and to longer waves, 
(2) by increasing the precision of the wave-length measurements to 
about 0.01A, and (3) by making a more critical differentiation between 
lines characterising neutral atoms (HfI) and those ascribable to 
ionized atoms (HfII). With these new data at hand, it appeared hope- 
ful that regularities might be found among the lines, and that con- 
clusions as to the structures of the spectra might be drawn from such 
regularities. 


1 Publication approved by the Director of the Bureau of Standards of the U. S. Depart- 
ment of Commerce. 


* Coster and Hevesy, Nature, 111, p. 79; 1923. 


* Hansen and Werner, Kgl. Danske Vid. Selskab. Math.-fysiske Medd. Volume V, heft no. 
8; 1923. 


* Meggers, Sci. Pap. Bur. Stand. In press. 
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Our preliminary efforts to classify HfI lines have not been very suc- 
cessful, but the results obtained for HfII lines have exceeded our first 
expectations. In this paper we are describing the present status of 
our analysis of the HfII spectrum. 

Lacking Zeeman effects, temperature classification of spectral lines, 
absorption data, and similar descriptive information which have aided 
in the analysis of other complex spectra, we have had to depend almost 
solely on the combination principle as a criterion for classification. 
Notwithstanding these handicaps, it is possible to construct a signifi- 
cant wave-number system for almost any complex spectrum as was 
indeed extensively done by Kayser,’ by Snyder,* by Paulson,’ and by 
others many years before the interpretation of the various descriptive 
data was recognized. With thedevelopment of modern ideas on spectra! 
structures, these wave-number systems have been fully interpreted. 
They represent combinations between a set of low energy states of the 
atoms and a more extensive set of higher excited states. In most cases 
it has been possible with the aid of Zeeman effects, rules for level 
separations and for line intensities to assign quantum numbers which 
completely describe the spectral terms. 

Even without these supplementary aids we have a considerable 
advantage over the pioneers in that we can now draw some inferences 
from comparative characteristics of the spectral lines, and instead of 
being puzzled by the absence of certain combinations, we have learned 
to rely upon the absent ones as well as upon those which do occur to 
assign so-called inner-quantum numbers to the energy levels. These 
levels comprise the components of spectral terms which are usually 
polyfold, but it is sometimes difficult or impossible without Zeeman 
effects or similar criteria to fix the absolute values of the quantum num- 
bers which define the types and multiplicities of the spectral terms. 

The procedure in constructing a wave-number system for a complex 
spectrum consists essentially in systematically subtracting from each 
other the vacuum wave-numbers of a selecte- up of lines and col- 
lecting the pairs of lines separated by the same e-number difference. 
Each pair, if it has any physical significance, represents the combina- 
tion of an atomic energy state with two other states which are common 








5 Kayser, Handbuch der Spectroscopie II, p. 573; 1902. 

: * Snyder, A wave-number system for rhodium, Astrophys. Journ., 14, p. 179; 1901. 

~ + Similar results for Pt, Pd, Ru, Os, Ir quoted by Meggers and Laporte, Phys. Rev., 28, p. 
~~" 642; 1926. 

7 Paulson, Dissertation, Lund, 1914. Astrophys. Journ., 40, p. 298; 1914. 
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to all the pairs of lines having the same separation. It is perhaps not 
obvious, but experience has shown that in almost any complex spectrum 
a large number of constant differences can be found among physically 
unrelated lines. These are fortuitious, but sometimes mistaken for 
real regularities. To guard against such unfortunate accidents in the 
HfII spectrum, we began with a careful selection of spark lines which 
were observed to be developed with great intensity in the arc as well 
as in the spark spectrum. Assuming that such lines must involve low- 
energy states of the ionized atoms we soon found several levels with 
which many of the stronger lines could be associated. These now bear 
the values 3050.9, 3644.5, 6344.4 wave-number units relative to the 
lowest which has been found. They served as a nucleus of a significant 
wave-number system which by successive addition of other levels 
finally became the two-dimensional matrix given in Table 1. In this 
table the relative values for 16 levels are printed at the top, and the 
derived values for 27 higher states on the left margin. The level values 
are preceded by a number enclosed in brackets. This number represents 
the value of the inner-quantum number, j, which has been tentatively 
assigned to each level. The relative values of these inner-quantum num- 
bers are derived from the observed combinations which appear in the 
body of the table, remembering that a combination is permitted 
only for changes of +1 or 0 in the value of 7. The combinations are 
represented by the vacuum wave-numbers of the observed spectral 
lines. Above each wave-number is the measured wave-length and esti- 
mated spark intensity of the corresponding line. Perhaps not all of 
the possible combinations have been observed but on the other hand no 
violations of the selection rule have been observed with the assignment 
of j values in Table 1. The total number of lines classified in 
Table 1 is 206. Two of these have been used twice, two are more or 
less confused with zirconium and one with titanium impurities. The 
average deviation of the observed wave-numbers from the computed 
differences of the enerzy levels is only one-tenth of a wave-number 
unit, which corres} to an average error of 0.01A in the wave- 
length determinatiot’ © “these 206 lines. This is an interesting check 
on the precision strivén for in the wave-length measurements. The 
classified lines in Table 1 include a large majority of the stronger spark 
lines which are also present with considerable intensity in the arc 
spectrum, indicating that most of the very low energy levels have been 
identified. A more or less regular decline in average intensity of the 
lines associated with low levels is noticed as the energy of the meta- 
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Tasie 1. Classified lines in HflI spectrum. 








[2] 0.0 [3] 3050.9 [2] 3644.5 [3] 4904.9 





2175.32 (2) 2266.83 (8) 
45955 .80 


2266.51 (4) 
44107 .02 
2291.65 (4) 23 (6) 
43623.20 -28 
2400.81 (7) 
41639.92 
2417 .69(15) 
41349.22 
2447 .25 (20) 
40849. 81 
2460. 50 (40) 
40629. 85 


97 (3) ° 2657 
49 . 37613 


$1 (15) ‘ 2712.43 (10) 
44 ‘ 36856 .40 
-38(20) 2738.76 (25) 
o4 36502 .09 
01 (3) 2808 .00 (10) 
95 35602 .07 
86 (8) ‘ 2968.83 (25) 
93 33673.50 
-23(S0) 2975.90 (30) 
69 33593 .50 


82 (4), Zr? . 59 (20) 3031.17 (25) 
19 9 32980 .99 
3126.27 (2) 
31977 .76 
3000. 10 (10) 3054.52 (3) 3176.86 (20) 
33322.54 32728.88 31468 .55 
-01 (20) 3134.72 (40) 3194.20 (25) 3328.21 (5S) 
-45 31891 .56 31297 .73 30037 . $7 
-91 (5) 3193.53 (15) 3255.29 (8) 3394.58 (6), Ti? 
-29 31304.29 30710.40 29450. 30 
-90 (25) 3317.99 (6) 3384.70 (3) 3535.54 (20) 
-98 30130.09 29536.27 28276.17* 
-93 (2) 3389.83 (15) 
-65 29491 .57 
-33 (8) 28 (10) 3552.70 (15) 3719.27 (25) 
-9 39 28139.60 26879. 38 
-80 (40) 37 (20) 3880.81 (10) 4080 . 44 (10) 
-09 33 25760. 54 24500 .27 
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TasLe 1. (continued) 








[4] 6344.4 [5] 8361.8 [3] 12070.5 [2] 12920.9 
2343. 32 (10) 2770.42 (5) 
42661.41 36084 .98 
2347 .45 (25) 19(75) 
42586. 36 -01 
2433.56(15) 20 (15) 
41079.59 -00 
2449 .44(10) 84 (20) -21 (25) 
40813.29 61 -16 
-01 (1) 2961 . 80 (8) 
-81 33753.42 
81 (15) -68 (8) 
00 -38 
02 (10) -25(S) 
15 -56 
-77 (5) 3227 .00 (2) 
-14 30979 .62 
-62 (10) 
-23 





-40(2) 
49 
.37 (50) 
.59 

-67 (25) 
-05 

,21 (12) 3025.29 (8) 
55 33045 .09 
-35(2) 3624.00 (5) 
.29 27585.98 
-38 (15) 
39 

-11 (40) 
-25 

-67 (5) 3352.06 (20) 
.29 29823. 86 


3505.23 (40) 
28520 .67 

72 (3) 
-62 
74(1) 
54 
-13 (25) 
24 
-44(10) 


- 36 (3) 
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{3} 13485.5 





[1] 15254.3 





[3] 17368.9 





4] 17389.1 





[4] 47157.7 
[3] 46674.5 
[4] 44690. 8 





(3] 43680.7 
(1] 43044.3 
(2) 42518.2 
(s] 42391.0 


41761. 
[4] 41407.0 


40506. 


38578. 

[4] 38498.5 
(s} 38185.7 
(2) 37886.0 
[4 36882.5 
[2] 36373.4 


34942. 


34355. 

[3] 33181.0 
[1] 33136.3 
12) 31784.3 


29405. 













2814.47 (10) 
35520.31 


3012.19(1) 
33188.80 
3203 . 68 (4) 
31205.12 
3233.80 (1) 


-48 


3310.85 (3) 
30195 .06 


3580.45 (2) 
27921.51 
3699.73 (15) 


3996. 80 (3) 
25012.97 


4272.84 (15) 
23397 .08 
4367 .89 (6) 
22887 .94 
4659. 20 (2) 
-92 


5075.91 (10) 
19695.43 


5463.36 (10) 
18298 .68 

6279.85(15) 
15919.55 








3597 .42 (S) 
27789.80 
3666.77 (3d) 
27264.22 


4417.35 (10) 
22631.67 


$590.70(1) 
17881.90 
6048.00 (3) 
16529. 82 










3659 .03 (3) 
27321.89 
3698.39 (7) 
27031.13 


3799.52 (2) 
26311.67 


3975.15 (2) 
25149.20 


4158.90 (10) 
24038 .07 
4320.67 (10) 
23138.07 


4731.36 (9) 
21129.68 


5260.43 (15) 
19004. 58 


6935.17 (3) 
14415.29 










3358.30 (4h) 
29768.45 
3413.74 (3) 
29285.01 
3661.74 (1) 
27301 .67 
3701.15 (25) 
27010.97 


3998.50 (4) 
25002 . 33 


4162.04 (15) 
24017 .85 


4735.67 (Sd) 
21110.45° 
4807.14 (4) 
20796. 60 


5128.52 (12) 
19493.39 





a, b, used twice 









3194.45 (2) Zr? 3206.77 (2) 
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TaBLE 1. (continued) 





[4] 17710.7 


| | 
| (2) 17830.4 | [a 21037.8 


(5] 23145.7 





| 

| 31295.28 
3202. 16 (2) 
| 31219. 


.20(12) 
-81 

$2(15) 
.93 


31175.05 


| 
| 


3917.47 (6) 
25519.48 


-65 (40) 
-81 


.59 (6) 
57 
-36(7) 
-81 


-22 (12) 
08 


-7$(2) 

-61 

- 14 (30) 93 (15S) 
71 | | 

-35 (S) 

-09 

-23 (15) 

-02 





11 (20) 
12 


42 (2) 
97 


5194.55 (3) 
19245.60 


6511.63 (4) 
15352.90 
6647 .05 (20) 
15040.12 
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stable states increases and the number of apparently permitted com- 
binations which are not observed also tends to increase with these 
higher levels, thus making it more difficult to recognize and establish 
them. 

From analogy with the Till and ZrII spectra which have been thor- 
oughly analysed by Russell* and by Kiess® respectively it may be 
anticipated that the spectral terms of HfII will belong to doublet an« 
quartet systems. According to Hund’s theory, the configurations of 
valence electrons can produce the following low-energy spectral terms 
in these spectra: 

Electron configuration: d*s. Spectral terms: *S, *P’, *D, °F’, °*G, 
‘P’,‘F’. Electron configuration: d*. Spectral terms: *P’, *D, *F’, °G, 
3H’, *P’, *F’. 

The total number of levels forming these terms is 33, about twice as 
many as we have found in HfII. This indicates that our analysis is 
still far from complete and warns us against attempting to draw con- 
clusions as to the relative positions of analogous terms in the different 
spectra. It may, however, be pointed out that although in TilII and 
in ZrII the normal state (zero energy) is represented by ‘F’ (d?s), 
another term, *D, originating with the same electron configuration, 


d*s, has dropped from 8710 in Till to 4248 in ZrII. If this tendency 
continues, in approaching HfII, we may be justified in regarding the 
levels [2] 0.0 and [3] 3050.9 as *D,,s, and the next four levels, viz. [2] 
3644.5, [3] 4904.9, [4] 6344.6, [5] 8361.8, as *F’ss4s. This point and 
the complete specification of the remaining levels in both sets will 
be cleared up when our analysis of the HfII spectrum is more complete, 
and supplemented by observations of Zeeman effects. 


BUREAU OF STANDARDS, 
Wasuincton, D. C. 
May 8, 1928. 


* Russell, Astrophys. Journ., 66, p. 283; 1927. 
* Kiess and Kiess, Sci. Pap. Bur. Stand. In press. 





THE TIME INTERVALS BETWEEN THE APPEARANCE 
OF SPECTRAL LINES IN THE SPECTRA OF 
ALKALI AND ALKALINE-EARTH METALS 


By Gorpon L. Locuer 


ABSTRACT 


Using the method of Beams and others, the time intervals between the appearance in 
spark discharge spectra of about fifty lines of sodium, lithium, calcium, barium, strontium, 
magnesium, cadmium, zinc, and nitrogen were measured for the purpose of determining if 
there was any relation between these times and the nature of the lines or the positions of the 
elements emitting them in the periodic table. The time intervals for different lines varried 
from zero to about 2X 10~* second. Most of the lines seemed to be emitted at the very begin- 
ning of the discharge, before the potential across the spark gap had dropped appreciably, 
There did not appear to be any definite relation between the time intervals and the nature 
or origin of the lines. With one exception, the members of multiplets which could be resolved 
appeared simultaneously. 


A variation of the time intervals with the amount of inductance in the spark gap circuit 
was observed and an explanation of this is given; the times were independent of the other 
electrical characteristics of the circuits. In a qualitative theory of the beginning of spark 
discharge spectra, it is suggested that the time of appearance of any line depends not only 
on the “life” of the excited atoms, during which there is no emission, but also on the mini- 
mum current in the discharge required to excite the line with a visible intensity. 

Using the method of Abraham and Lemoine in a considerably 
modified form, Beams,' and others,? have measured the time intervals 
between appearance of spectral lines in the spectra of spark discharges 
for about seven elements, finding these to be of the order of 10-’ to 
10-* second. Their work indicated that spark lines appeared before 
arc lines, consistently, for the elements examined. j 

It was proposed to extend this work to other elements, with the 
particular purpose of determining whether or not there was any 
simple relation between the grouping of the elements in the periodic 
table and the time intervals between the appearance of corresponding 
lines in their spectra. Groups 1 and 2 were examined. 

EXPERIMENTAL ARRANGEMENTS 

The arrangement of the apparatus, shown in Fig. 1, is essentially 
the same as that used in the researches described above, the chief 
modification being the substitution of a fixed light path for the vari- 
able one. 

The high-tension transformer, 7, charges up the spark-gap 
which gives a succession of sparks; the brilliancy of these is augmented 
by the condenser, C, which is of small dimensions and is closely at- 
tached to the electrodes of the gap. In order to prevent objectionable 

1 Beams, Phys. Rev., 28, p. 475; 1926. 


* Beams and Rhodes, Phys. Rev., 28, p. 1147; 1926; also Brown and Beams, J. O. S. A. 
and R.S. 1, 11, p. 11; 1925. 
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oscillations in the transformer secondary, the water resistances, R,, 
are provided. A pair of variable inductances consisting of four lony, 
symmetrical, parallel wires, W, connect the spark gap to the Kerr 
cell, S; the effective lengths of these wires are altered by sliding the 
trolley, ¢, along them by means of a thread running over a system of 
pulleys to the observer’s position. 

Considering the optical system, light from the gap is reflected by 
a large concave parabolic mirror, M, through the right angle prism, 
P, and Nicol prism, N;, being focused between the plates of the Kerr 
cell, S. A small convex lens focuses the beam again at the slit of a 
Hilger wavelength spectrometer, after passing it through another 
Nicol prism, Nz. By slightly turning P, any portion of the horizontal 
image of the gap can be examined: 




















io . Fig ! 


The electro-optical shutter consists of a Kerr-cell, S, with its plates 
vertical, and the nicols N, and Nz, these latter being crossed and 
each with its plane of polarization set at 45° to the vertical. Ordi- 
narily, the optical path is not open, but when a sufficient potential 
is applied to the Kerr-cell, the liquid in it becomes doubly refract- 
ing and light can pass through the shutter. Since the electro-optical 
rotation is proportional to the square of the field in the dielectric 
of the cell, opening and closing of the shutter is very sharp when the 
critical potential is passed; this fact is of the utmost importance in 
connection with the use of the shutter for this kind of work. The Kerr- 
cell consists of a pair of brass plates 15 cm long and 4 mm apart, 
supported in chemically pure carbon disulphide by bakelite posts 
(bakelite being insoluble in that liquid). The capacity is estimated 
at 20 cm; fields of about 32,500 volts/cm were found most satis- 
factory although the cell operates with fields as small as 12,500 volts/cm 
and did not break down up to 45,000 volts/cm. 

To show how the apparatus operates, suppose the spark gap to 
be charging up to the sparking potential which is a little greater than 
the opening potential of the shutter. When the spark occurs, a beam 
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of light starts down the optical path to the spectrometer; simul- 
taneouly, a collapse of potential difference begins at the gap and pro- 
ceeds along the wires, W, to the shutter at approximately the speed 
of light.* When the pulse reaches the shutter, it closes almost instantly. 
If the emission of light by the gap were simultaneous with the col- 
lapse of potential across it, and if the length of each of the wires, W, 
were made equal to the length of the light path, the light would arrive 
at the shutter just when the shutter was closing, hence a slight dis- 
placement of the slider, ¢, toward the gap would cut out the light 
while a similar displacement in the other direction would make the 
pulse visible to the observer. 

Actually, the emission of the several spectral lines is not simultaneous, 
so these lines can be made to appear a few at a time by sliding the trolley 
along. The time differences between the appearance of two lines is, 
approximately, the difference between the lengths of the inductance 
wires, as set for their appearance, divided by the speed of light. 

When examining spectra obtained from a discharge between knife- 
edged electrodes of the metallic element under examination, the position 
of the image of the spark on the slit of the spectrometer is important. 
Since the metallic vapor does not migrate far from the electrodes, only 
the edges of the spark image contain the required light. The position 
of the slit was adjusted with the nicols crossed and with the leads, W, as 
short as possible, so as to obtain as great an intensity of the light as 
possible. 

For elements which are not available in the metallic state, or which 
are difficult to handle in that state, spectra were got from solutions of 
their salts. For this purpose, a vertical gap was made; the upper 
electrode was a carbon arc pencil while the lower was a shallow glass 
cup containing the solution of the salt. Because of splashing and evapo- 
ration, the water required constant replacement; this was effected by a 
slow drip from a funnel. Obvious difficulties with the insulation 
made it necessary to put the condenser, C, at a considerable distance 
from the gap. With salts of the alkali metals and some others, an arc, 
rather than a spark was formed if a single gap was used. To prevent this 
and to secure a sufficient drop of potential over the shutter, a series 
gap, placed very near to the other, was introduced. 

Once the apparatus is adjusted, observations can be taken with 
considerable rapidity. The trolley, ¢, is run back so that the effective 
length of the wires, W, is as large as possible and the spectral line under 
examination is at a maximum intensity. The trolley is then advanced, 

* F. Allison, Phys. Rev., 30, p. 66; 1927. 
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shortening W, until the line is no longer visible; this position of ¢ is 
recorded. Reversing the direction of the trolley, the position of firs: 
appearance is then found; this does not, in general, differ appreciably 
from. the previous position. The actual “position for appearance” oi 
any line is taken as the mean of these two values. The relative times o/ 
appearance of the lines are then easily calculated. 


EXPERIMENTAL RESULTS 


“Limits of Error” are estimated with each observation and are re- 
corded in terms of the equivalent time. Thus .210-* second means 
that the line may appear .1X10-* second earlier or later than the 
time recorded. 

The “Intensity” values are taken from Kayser’s “Handbuch der 
Spectroscopie,” Band 9, being the intensities for “spark” lines. 

A fictitious spectral line for which the trolley-wire length for appear- 
ance is just equal in length to the light path, may conveniently be 
taken as appearing at zero time; real lines appearing earlier than this 
(i.e. for W shorter) have, then, negative times of appearance, while 
those appearing later have positive times of appearance. If the Kerr 
shutter closes instantly, within the limits of error, when the fall of 
potential has traveled down the wires to it, then the fictitious line 
would be emitted in the spark at the same instant that the potential 
difference across the gap fell below the opening potential of the shutter. 
For tabulation of the data below, the time of appearance of the fic- 
titious line is recorded as JT, and the appearance of other lines is 
reckoned positive or negative from this. Thus: 


Length of light path 
4 c 
The lines for each element are listed in the order of their appearance. 
Taste 1. The alkali metals. 





To 





Limit of error Time of appearance 
Element | Wave length X 10° sec Intensity from T,X 10* sec 





1. Na* 5890 .07 20 —1.74 
5896 
2. Li 6103 13 10 —2.3 
3. Li 6708 -40 20 +1.5 


* The appearance of this doublet was very sharp. 

Only a few of the more intense lines of the spectra of these elements lie in the visible, and 
of these only three were obtained with sufficient intensity to examine by the methods of these 
experiments. 

The light path was 800 cm, and the length of each lead from the spark gap to the spark 
condenser was 55 cm. 
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TaBie 2. The alkaline-earth metals. 


Spectra of calcium, barium, and strontium were obtained by sparking to chlorides of these 
metals; the spectrum of magnesium was excited by a discharge between electrodes of the 
metal. 

For calcium, barium and strontium, the light path was 800 cm and the length of each lead 
from the spark gap to the condenser was 55 cm. The corresponding lengths for magnesium 
were 540 cm and 10 cm, respectively. 














| | Limit of error | Time of appearance 
Element | Wave length X 10* sec Intensity from T,X 10* sec 
6170 | 4 
6161 4 
4. Ca* 6156 .20 — —1.2 
6169 4 
6164 4 
6166 4 
5. Ca 6500 .13 4 — .63 
5601 
6. Ca 5595 1.30 8 +1.1 
5590 
7. Ba 5535 .07 10 —1.92 
8. Bat 4934 .07 10 —1.85 
4554 
9. Ba 6141 .13 20 —1.37 
10. Ba 5853 .10 10 — .ll 
11. Ba 6497 .20 10 0.0 
12. Sr 5521 .07 7 —1.84 
13. Sr 4215 13 30 —1.74 
5535 7 
14 Sr 5504 13 8 —1.71 
5484 4 
15. Sr 5257 .13 6 — .69 
16. Sr 4607 .07 20 — .34 
17. Sr 4305 .13 20 — .26 
5184 20 
18. Mg 5173 .07 15 —1.31 
5167 10 
19. Mg 4703 .20 5 — .99 
20. Mg 4481 .13 20 — ,99 
21. Mg 5528 .13 4 — 89 














* A “band” with wide spectrometer slit. 
t These lines were observed separately; the agreement is excellent, 
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TaBLe 3. Nitrogen, sinc and cadmium. 


A few strong nitrogen lines, obtanied by a discharge between cadmium electrodes in air, 
were examined. The spectra of zinc and cadmium were obtained from discharges between 
electrodes of the metals. 

Except for observation 29, the length of each lead from the spark gap to the condenser 
was 10 cm; the light path was 532 cm for some observations and 545 cm for others. 





Limit of error 


Time of appearance 
Element | Wave length X 10* sec. 


Intensity | from T,X 108 sec. 





5003 
5005 
5008 


5001 | 
| K-1.5 
| 


<-1.5 
} 


} 





24. ; —1.27 


2s. | —1.20 
26. r —1.00 


27. | 4 —1.05 
28, | 33 — .S3 
(29) 17 + .85 
30. ~1.27 


31. Cd 5086 .07 —1.13 
32. Cdt 4800 .07 —1.11 














* Still visible with the trolley at a minimum. 


§ 4811, 4722 are members of a triplet. These do not appear simultaneously here. 
¢ With 115 cm of wire for each lead from condenser to spark gap. 
+ Appears with 5086 within limits of error. 


Observations 26 and 29, Table 3, indicate the effect of changing the 
length of the wires connecting the condenser, C, to the spark gap. In 
order to investigate this more fully, a series of observations was made 
on the prominent lines of the cadmium spectrum, with leads of various 
lengths. No effect was observed due to changing the capacity of the 
condenser, but that due changing the length of the leads to it was 
conspicuous. The sharpness of appearance of the lines was not altered 
by changing these lengths; nor did the substitution of fine wire of about 
50 ohms resistance for the heavy copper leads affect the sharpness or 
time of appearance of the lines. Table 4 and Fig. 2 show the effect 
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on the appearance of the cadmium lines due to altering the lengths 
of the leads. An interpretation of this effect is presented later. 


Y 
, 
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Time of Appe arance,from Ip X 10° sec 




















100 200 300 
Length of Leads (cm) 


FiG. 2. Showing how the time of appearance of two cadmium doublets varied with the inductance 
in the spark gap circuit. 


DISCUSSION OF RESULTS 


Sharpness of appearance of lines. Not all spectral lines appear with 
the same degree of sharpness. There is, however, apparently no general 
rule about the relation of the sharpness of appearance to the nature of 
the line with respect to wavelength, series, breadth, or intensity. The 
accuracy of setting of the trolley is not constant but is estimated with 
each observation and tabulated with the other data. An obvious 
disturbing element for any observation is the presence of an air line 
superposed on, or in close proximity to, the line being examined. Lines 
of the extreme red (longer than 6500) and of the violet (shorter than 
4500) are more likely to be in error than those between these limits, 
because of the diminishing sensitivity of the eye for light near the 
extremities of the visible spectrum; most of the lines observed lie in the 
range of good visibility. 

Order of appearance of members of multiplets. Wherever it was possible 
to resolve them, the appearance of members of multiplets was carefully 
examined. The lines of the widely separated doublet 4934, 4554, 
due to singly ionized barium, appear together to a high degree of ac- 
curacy; likewise those of the cadmium doublets 5337, 5378 and 4800, 
5086 and the D-lines of sodium. In the case of the zinc lines 4811 and 
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TaBLe 4, Cadmium. Light path: 800 centimeters. 





Length of wire 
Wave length Limit of error {Time of appearance Relative times | in each lead from 
X 10® sec. from T)X 10* sec. X 10* sec. condenser to gap 
in cm 





.03 —1.24 


-07 
-07 


+. 
+. 





-07 


-10 
-07 








-03 


-07 
-07 





-03 


-07 
-07 








-03 


-07 
-07 





-16 -. 
4.55 
5086 -10 +4.19 300 
4800 -20 +3.78 41 

















4722, which are members of a triplet, there was an interval of about 
-5X 10~* second between the appearance of the lines; this was the only 
case observed where the members of a multiplet did not appear together 
within the limits of error. 

Lines appearing earlier than Ty. The times of appearance of most of 
the lines examined in this work are negative with respect to T», which 
means that they appear before the main collapse of potential begins 
at the gap, unless the shutter requires a relatively long time to close. 
There is, undoubtedly, a small constant lag in the opening and closing 
of the shutter, namely the time required for the double refraction 
to become established or vanish in the dielectric of the cell. Many of 
the lines observed appear as much as 10-* second earlier than 75; 
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but this is a thousand times as long as is required to establish a field 
in the dielectric of the cell, hence it seems improbable that the lag of its 
operation would be as great as 10-* second. Observations were made 
with various potentials on the shutter, including the minimum value 
for its operation, to determine whether or not the lag depends on the 
potential. The results were the same for any voltage, which shows 
that the lag in the cell is constant throughout the range of voltage used. 

Oscillations in the electric circuits. High frequency oscillations in the 
circuit containing the Kerr cell were examined with a wavemeter. 
Such oscillations, if of suitable frequency, might open and close the 
shutter several times during each spark or might set up standing waves 
in the trolley wires which would interfere with the normal operation of 
the shutter. For sets C and D of Table 4, there were oscillations with a 
frequency of 6X 10* cycles/sec when the trolley wires were as short as 
possible; this was the highest frequency that was detected with any 
arrangement of the apparatus. For set F, it was about half as great, 
and in no case was the amplitude of the oscillations large. An increase 
in the effective length of the trolley wires further diminished the fre- 
quency and amplitude of the waves. The period of these oscillations 
is of the order of a hundred times as great as the times measured in these 
experiments and the least wavelength emitted is about ten times as 
long as the average length of the trolley wires, which excludes the 
possibility of standing waves in the wires. Hence it is concluded that 
any oscillations present do not interfere with the experiment. 

Wave length and order of appearance of lines. Consider two lines of 
equal intensity, A and B, of which A has the longer wavelength. If the 
energy required for the excitation of atoms is proportional to the fre- 
quency of the light emitted by them, one would expect A to appear 
before B. But if the lines are listed in the order of their actual appear- 
ance, the order of their wavelengths is random. Therefore the lines are 
either not excited in the order of their wavelengths or the excited atoms 
do not begin to emit immediately after excitation. The excitation of 
lines is discussed in the next section. 

Experiments of Wood,‘ Gottling,» and Hoxton and Beams* have 
shown that there is a measurable lag before the beginning of fluorescent 
emission after light has been allowed to fall on a fluorescent substance. 


* Wood, Royal Soc. Proc., A 99, p. 362; 1921. 
5 Gottling, Phys. Rev., 22, p. 566; 1923. 
® Hoxton and Beams, Phys. Soc. Bull., Dec. 12, 1925. 
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It seems reasonable to suppose that there may be a similar phenomenon 
connected with the beginning of spectra of discharges: that is, a 
minimum time after excitation which must elapse before the beginning 
of emission. If this is different for different spectral lines, the lack oi 
correspondence between the order of appearance and order of wave- 
lengths can be qualitatively accounted for. 

Excitation and appearance of lines in a spark discharge. If the intensity 
of a source of light is steadily increased from zero, it “appears” or “be- 
comes visible” to an observer when it reaches a certain fairly definite 
intensity. In the case of light from a spark gap, this minimum intensity 
for visual detection must be a function of the current in the discharge, 
probably being proportional to it. This suggests that the current in 
the discharge may be the most important factor to consider in the study 
of the beginning of spark spectra. 

The effect of inductance in the circuit containing the gap and 
condenser is to delay the arrival at the gap of the energy stored in 
the condenser, when the discharge begins. The result is a displacement 
and alteration of the current curve, as from /, to J, Fig. 3. An ex 


Potential serors Gap 


Current 











Time 


FIG. 3 


planation of the results of Table 4 can be had if we suppose that a 
certain intensity of current is required for the excitation of any par- 
ticular line to a sufficient intensity to render it visible to an observer. 
Then the time of appearance of lines requiring only a small current 
for their excitation, such as A, may not be affected by a small displace- 
ment of the current peak, while those like B, requiring a large current, 
will be made to appear later (B’). But for a large displacement of the 
current curve, corresponding to the introduction of considerable in- 
ductance, there may be a change in the time of appearance of lines of 
the first type. The data in Table 4 are in accord with this idea; 
the doublet 5337, 5378 is of the first type, while 5086, 4800 is of the sec- 
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ond. The greater effect of the change of length of the condenser 
leads on the latter than the former is shown by Figure 2. The two 
nitrogen groups recorded in observations 22 and 23 seem to be other 
examples of the low-excitation-current type of lines. 

It seems, then, that there must be at least two, and possibly more fac- 
tors determining the time intervals between the appearance of spectral 
lines, namely, the current required to excite the line to a visible intensity 
and the life of the atoms in the excited state. This being the case, it 
is difficult to make an estimate of the relative importance of these 
factors in determining the time of appearance of any line, by experi- 
ments such as those described here. 

In conclusion, the writer wishes to express his sincere thanks to Pro- 
fessor H. A. Wilson, under whose direction this work was done, for his 
valuable suggestions and criticisms of the performance and interpreta- 
tion of the experiments. 

Tue Rice INsTITUTE, 


Houston, TEXAS, 
Feprvary 19, 1928. 











SPARK SPECTRA OF MERCURY VAPOR 


By JoserH VALASEK 


In 1923, L. and E. Bloch' published a list of 300 spark lines of me:- 
cury vapor which were obtained by observing an electrodeless discharg.. 
It was found that as the length of the spark gap in the primary of the 
Tesla coil was increased, the spark lines could be separated into three 
groups which were designated as the E,, EZ, and E; spectra in the order 
of their appearance. Using the electron impact method, Dejardin’ 
found some of the radiation potentials. He divided Bloch’s E, group 
into two groups which he designated by E, and £,’. He found that 
the E, lines appeared at 20 volts, the EZ,’ lines at 30 volts, and the E, 
lines at 44 volts. Recently this work was repeated by Eldridge,’ 
who found, instead of the above values, 18 volts for £;, 24 volts for E,' 
and 57 volts for E,. Dejardin suggests that the £, lines are the first 
spark lines of mercury. This is supported by Smyth’s‘ work on positive 
ray analysis in which it is shown that Hg*t* begins to appear at about 
20 volts. A further confirmation is found in Carroll’s® investigation of 
some spark spectra by means of a vacuum spectrograph, and the 
partial classification of the first spark spectrum. Dejardin also suggests 
that the E, lines belong to the second spark spectrum, that is, the com- 
plete group appears simultaneously with the formation of Hg***, 
and that the E; lines are accompanied by the formation of Hgt+*+. 
This has, however, not been verified. 

The present investigation deals with the location of the E; radiation 
potentials. These potentials probably give the energy required to pro- 
duce excited and ionized Hg**+*. It is also shown that the atoms are 
usually excited by a single impact. This is shown by measurements 
of intensity. If the atom emitting certain spectrum lines is excited 
by a single impact, the intensity of the lines should increase in the 
same proportion as the electron current. If two collisions are required, 
to bring the atoms into the initial excited state, the number of excited 
atoms, and therefore the intensity of the lines, should increase as the 


1 Bloch and Bloch; J. de Phys., 4, pp. 333-348; 1923. 

2? Dejardin; Ann. de Phys., 2, pp. 241-327, 1924; C. R. 183, p. 1340, 1926. 
3 Eldridge; Phys. Rev., 29, p. 213; 1927. 

« Smyth; Proc. Roy. Soc. A. 102 pp. 238-293; 1923. 

5 Carroll; Phil. Trans. A., 225, pp. 357-420; 1926. 
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square of the current, etc. If only one electron can be removed from 
an atom at one impact, the &; lines, if due to the formation of Hgt**+* 
should vary in intensity as the fourth power of the current. Of course, 
one may have some atoms excited by a single impact and others by 
multiple impacts, in which case the intensity variations will not be 
exactly integral powers of the current ratios. It should, however, be 
possible to find the predominant mode of excitation under the con- 
ditions of the experiment. 

The apparatus was practically the same as described in a previous 
article. The tube was kept at a few degrees above room temperature 
to obtain a greater intensity. Care was taken not to decrease the 
mean free path of the electrons so that they would collide more than 
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Fic. 1. Radiation potentials of the Es, lines. 


once, and thus increase the intensity of the arc spectrum at the expense 
of the spark lines. 

To obtain the potentials at which the EZ; lines made their appearance, 
the accelerating voltage was increased by steps (usually of 10 volts) 
and a set of photographs taken with the plate current constant. The 
photographic densities of some of the E; lines were measured by means 
of a Moll microphotometer. These were plotted against the voltage with 
the results shown in Fig. 1. At least two critical potentials are found, 


* Valasek; Phys. Rev., 29, pp. 817-821; 1927. 
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namely, 108 and 118 volts. Besides the lines shown in the figure, 
the following were also observed; 3968, 3355, 3331, 2810, 2432, 2272. 
The intensities of these lines were too low to measure with suff- 
cient accuracy. The values of the critical potentials obtained in the 
above manner were found to be dependent, to a certain extent, on 
the current density. That used in the above case was approximately 
0.4 milliamperes per square centimeter. With a current six times as 
large, the critical potentials seemed to be ten volts lower, but the 
curves did not approach the axis as steeply, indicating secondary cumu- 
lative effects. For this reason it is though that 108 and 118 are about 
the correct values for the excitation of the lines by a single impact. 
In a similar manner the values 47 and 55 volts were obtained for 
some of the £, lines. 

The results of the experiment on the variation of intensity with 
current are shown in Table 1. The first column gives the accelerating 


TABLE 1. Intensity ratios for tripled current. 





Class of lines 





Acc. pot. volts) 
Arc 








160 














ce 3. & 3.1 
$ 3. Lt 2.9 











voltage, the other columns give the intensity ratios for the five classes 
of lines when the electron current is increased by a factor of three. The 
letters serve to identify the lines, the wave lengths of which are given 
in Table 2. The potentials where chosen somewhat above the minimum 
values needed to excite the various groups of spark lines. It is seen 
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TABLE 2. Wave lengths of lines in Table 1. 





Wave length Line Wave length 





4916 A. U. k 2848 A. U. 
2967 I 3893 

2857 
2576 m 3208 
2561 2947 
3342 
2675 p 4797 
2925 Io 3312 
2760 
2753 r 3114 
s 2572 


“es @&om “ea AO oS 8 














that in no case is the increase in intensity much different from linear. 
In fact, the arc lines increase more than the spark lines of any group. 
It is certain that the intensities of none of the spark lines increase by 
factors of 9, 27, or 81, as would be expected if two, three, or four im- 
pacts respectively were necessary to produce the initial excited atom. 
It is certain that the £, lines are the first spark lines, and it is probable 
that the £, and &; lines are higher order spark lines. Hence, one may 
conclude that when atoms are multiply ionized, it is usually by a single 
impact. The prominence of the spark lines in the spectrum indicates 
that no small fraction of the impacts by high velocity electrons result 
in multiple ionization. 

A search was made for critical spark potentials higher than 118 volts. 
Accelerating potentials as high as 1200 volts were used. It was once 
thought that the existence of such potentials was shown by the ap- 
pearance of prominent lines at 3078 and 3303 A. U. but it was later 
shown that these lines really appear with £, lines if a sufficiently long 
exposure is given. It is rather peculiar, however, that they should be 
much enhanced by the use of potentials close to 1000 volts. They differ 
in this respect from other lines in their neighborhood. 

The writer believes that the EZ, group should not have been divided 
into only two groups, appearing respectively at 20 and 30 volts, ac- 
cording to Dejardin, and 18 and 24 volts, according to Eldridge. What 
seems much more probable is a step by step excitation of the spectrum. 
This is also true of the EZ, and E; spectra. In the case of spark spectra 
there are so many ways of exciting the lines that it is not as easy to 
obtain clear cut results as in the case of the arc spectrum. Assuming 
excitation by single impact and using Carroll’s values for the energy 
levels in the singly ionized mercury atom, one obtains the following 
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TABLE 3. 





Wave length Notation Rad. Pot. || Wave length Notation 





1942 1S—2p. 16.8 2253 2pi— 3d, 
1650 1S—2p; 17.9 1869 2p2:—3d2 
2260 2p2—2S 22.2 4825 3d,—4f 
2848 2p:—2S 22.2 4960 3d,—4f 
2225 2p:—3d; 23.3 Double ionization 

















minimum potentials for the appearance of some of the first spark lines 
It is seen that these potentials are not very different from the values ob 
served by Dejardin and Eldridge in the case of the E, and E,’ groups. 
Thus it appears likely that they both refer to the first spark spectrum. 
The classification of the lines is as yet too incomplete to determine 
whether the two groups belong to the same spectrum. 


DEPARTMENT OF Puysics, 
UNIVERSITY OF MINNESOTA, 
Marcs 1, 1928. 


Experimental Radio—R. R. Ramsey, Professor of Physics, Indiana 
University, XII, 229 pages including 152 figures. Ramsey Publishing 
Company, Bloomington, Indiana. $2.75. 

This is the third edition of a laboratory manual first published in 1923. 
It describes 117 experiments used by the author’s students in a second year 
physics course. Notes are given on the construction of special radio ap- 
paratus. Among the more important topics covered we may mention; 
construction and measurements of the capacity, resistance and phase angle 
of a radio condenser; methods of measuring inductances; the calibration 
and use of the wavemeter; determination of the natural wave-length, 
capacity and inductance of an aerial; vacuum tube characteristics; a 
study of the vacuum tube as an oscillator; construction and measurement 
of the amplification of audio-amplifiers; construction and adjustment of 
neutrodyne, reflex and superheterodyne receivers; methods of measuring 
radio frequency resistance of wires, coils, oscillating circuits, aerials, and 
condensers; decrement of a sending station and use of the decremeter; 
construction and adjustment of a radio phone transmitter; methods of 
modulation; use of crystal control for a constant frequency circuit; 
measurement of power in radio circuit and field intensity determinations. 

The experiments are simple and theory is given only for some of the more 
advanced experiments. Elsewhere references are given to well known books 
and periodicals. The radio experimenter and amateur should find this 
book an excellent guide. It is a practical manual for the laboratory not 
abundantly equipped with specialized radio apparatus. 

Grace Hazen Rvuark 





THE DEPENDENCE OF THE RESOLVING POWER 
OF A PHOTOGRAPHIC MATERIAL ON THE 
WAVE LENGTH OF LIGHT* 


By Otto SANDVIK AND GEORGE SILBERSTEIN 


In two earlier papers one of the authors has shown the dependence 
of the resolving power of a photographic material upon the type or 
geometrical shape of the object,’ and second, upon the contrast in 
the object. The present paper gives the results of a preliminary 
experimental investigation of the dependence of the resolving power 
on the wave length or on the spectral quality of two adjacent images 


; | 
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Fic. 1. Parallel line test object. 


to be resolved. The spectral region which has been investigated ex- 
tends from wave length 380 my to wave length 725 mu. 

The method employed in the present investigation was similar to 
the method previously employed, namely, to photograph in a re- 


* Communication No. 344 from the Kodak Research Laboratories. 

1 Otto Sandvik. On the Measurement of Resolving Power of Photographic Materials. 
J.0.S.A. & R.S.L., 14, p. 170; 1927. 

2 Otto Sandvik. The Dependence of the Resolving Power of a Photographic, Material 
upon the Contrast in the Object. J.0.S.A. & R.S.I., 16, p. 244; 1928. 
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ducing camera a parallel-line test object shown in Fig. 1. This consists 
of twenty-five groups of parallel lines; each group contains thrve 
transparent lines on an opaque background and separated by two 
opaque spaces; the width of the lines equals the width of the spaces 
in each group. The distance between the centers of two consecutive 
lines or spaces will be designated by d. The distance d varies among 
the groups from 0.13 to 2 mm. 

The reduction in the camera is 20 diameters, hence the resolving 
power, R, in terms of number of lines per millimeter which are re- 
solved, is given by the relation, 


R=1/0.05d 


Thus the range of resolving power values covered by the groups of 
lines on the test object when photographed in this camera at a re- 
duction of 20 diameters will be from 10 to 154. 

As already pointed out, the resolution obtained depends on the 
contrast in the object; therefore the conrrast in the object selected 
was sufficiently high to obtain practically the maximum resolution. 

The arrangement of the apparatus is shown in Fig. 2. C, isa con- 
denser lens imaging the light source, S, on the entrance slit of the 


Fic. 2. Schematic diagram showing the arrangement of the apparatus. 


monochromatic illuminator, M; C; is a cylindrical lens which is so 
placed as to image the collimator lens, Zz, on a ground glass which is 
in contact with the test object O. This arrangement gives uniform 
illumination of quite homogeneous spectral quality over the entire 
test object. The object, O, was then imaged on the photographic 
plate, P, by L:, which is a well corrected single achromatic lens of 
six-inch focus. ; 
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Four series of exposures were made through the test object for each 
wave length and developed to four different gammas. The consecutive 
exposure times were increased by powers of two from 1/4 second to 
1024 seconds. Then by microscopic examination of the series of images 
resulting from these developed series of exposures, the maximum re- 
solving power was determined for the several different values of D, 
the density of the images. 

The relation between resolving power and wave length for several 
emulsions is shown in Table 1 and Figs. 3 and 6 to 10 inclusive. The 


TaBLe 1. Mean value of resolving power 
TABLE 1. The table below shows the change in resolving power with wave length for several 
emulsions. Column I gives the wave lengths in mp and columns 2 to 7, inclusive, give the resolving 
powers at these wave lengths of the respective emulsions designated at the top of each column. 








Ww&w Eastman Eastman Eastman Eastman | Eastman 


Panchromatic | D.C. Ortho | Speedway 40 33 Process 
90 90 79 100 119 
92 85 79 100 109 
81 73 74 96 104 
73 66 86 94 





55 63 76 
63 44 55 
64 43 57 
65 45 
63 
59 
61 
59 
59 
59 | 


63 
48 
56 : 46 44 56 
42 
40 























first column of the table gives the wave lengths in my and columns 
2 to 7 inclusive give the mean values of the resolving powers for the 
four development times. 

Referring now to Fig. 3, which represents graphically the relation 
between resolving power and wave length for the Eastman 40 plate, 
it is seen that the maximum value of resolving power in the spectral 
region investigated occurs in the near ultraviolet or the violet, with a 
rapid decrease in the blue-green reaching a minimum value at about 
wave length 535. It is of interest to note that the spectral region of 
decreasing resolving power conforms fairly well with the region of 
decreasing opacity or absorption of the emulsion, Fig. 4. This, of 
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course, is what one would expect, since where the opacity is high, that 
is, where there is a high extinction coeffiient, the photographic image 
is confined more to the surface than where the opacity is low; and it 


& 
70 


10 
| 
O40 500 600 


Fic. 3. Graph showing the relation between wave length and resolving 
power for the Eastman 40 plate. 


is a well known fact that a surface image gives much higher resolution 
than one which penetrates far into the emulsion. This is true whether 
the surface image is attained by little exposure, by under-develop- 


0 . 
on 400 500 60 700 


Fic. 4. Curve showing the change of absorption of the Eastman 33 
emulsion with the wave length. 


ment, by the screening action of a dyed emulsion, by physical de- 
velopment, or by a thin coating of emulsion. 

That the observed change in the resolving power with wave length 
cannot be accounted for wholly on the basis of a change in the opacity 
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of the emulsion is apparent when one compares the increase in the 
resolving power with a continuously decreasing opacity on the long 
wave length side of 4535. This may be accounted for probably on 
the basis of a practically constant absorption coefficient together with 
a change in scattering characteristics and increase in gamma of the 
emulsion with wave length. 

It may be of interest to compare the change in resolving power 
with wave length to the change in the density edge gradient or the 
sharpness with wave length in the spectral region neighboring 4535. 

Before doing so, however, it may be well to consider briefly the 
density gradient at the edge of a photographic image. This gradient 
is evaluated in the following manner: A carefully made edge is placed 
in contact with the emulsion surface when exposures are made with 
collimated light so that the direction of the ray is normal to the emul- 
sion surface. This method of obtaining a sharp image edge eliminated 
imperfections in the image due to flare, aberrations, and other de- 
fects in the optical systems. Hence a photographic image is obtained 
whose finite density gradient at the edge is due partly to spreading 
of the silver image on development, but chiefly to scattering of light 
in the emulsion during exposure. The density at small distances 


apart in a direction normal to the edge of the developed image is 
measured with a microphotometer. A set of such measurements with the 
density plotted as a function of the distance into the geometrical shadow 
of the image (the knife edge) results in a curve, called the sharpness 
curve, very similar in type to the D-log E characteristic curve of a 
photographic emulsion.* The sharpness, S, is, 


where x is the distance in microns into the geometrical shadow of the 
image. This ratio is measured on the straight portion of the curve, 
that is the maximum gradient, which is an important fact to bear in 
mind. A set of sharpness values at different wave lengths for the 
Eastman 40 plate are given in Fig. 5 and Table 2. 

Returning now to the comparison of change in resolution and 
sharpness in the spectral region neighboring 4535, it is seen by Figs. 3 
and 5 that the minimum points of the two curves coincide, but that 


* F. E. Ross. The Physics of the Developed Photographic Image, p. 131. Eastman Kodak 
Co., Rochester, N. Y. 1924. 
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the increase in sharpness beyond that point is much more pronounced 
than the increase in resolution. This is not a surprising result since 


TABLE 2. The change in sharpness with wave length of the Eastman 40 plate is given in the 
table below. 








Emulsion Sharpness 








Eastman 40 375 0.300 
400 0.280 
425 
450 
475 
500 
525 
550 
575 
600 
625 
675 
700 

















the maximum rate of decrease in intensity with the distance into the 
shadow of the image is near the edge; and since it is this maximum 
gradient which determines the sharpness, it is independent of the 


0.0 
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Fic. 5. Relation between sharpness and wave length for the Eastman 40 plate. 


radiation which is scattered farther into the shadow. Resolving power, 
on the other hand, as has been already pointed out,? depends on the 
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total amount of radiation scattered into the region between two images 
to be resolved, and particularly on that which produces the lower 
portion, or the toe, of the curve. Now an increase in the sharpness 
corresponds directly to a large edge density gradient. A large edge 
gradient also increases the resolution; but not in a direct proportion 
since the latter is also a function of the density distribution in the 
other parts of the image. Thus it is possible to conceive of scattering 
and absorption conditions so that the change in resolution lags behind, 
or leads, so to speak, the change in sharpness. These conditions can 
be predetermined only by more accurate data on the absorption and 
scattering characteristic at different wavelengths than are now avail- 
able. 

Additional data are given in Table 1, columns 2, 3, 4, 6, and 7, and 
Figs. 6 to 10. The resolving power-wave length curves are very similar 
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400 500 600 700 
Fic. 10. 


Fics. 6-10. Relation between resolving power and wave length for the 
respective emulsions indicated on the curves. 


for all emulsions containing no sensitizing dye. The presence of the 
sensitizing dye in the orthochromatic and the panchromatic emulsions 
has caused a shift of the minima towards the blue to about A485. 
This work is being continued and extended farther into the red as 
well as into the ultraviolet. It should prove particularly interesting 
to find out what order of resolution is obtainable in the ultraviolet 
where the absorption is very high. Judging from our knowledge of 
the sensitometric characteristics of an emulsion in the ultraviolet, how- 
ever, it is quite probable that the resolving power is of very nearly 
the same value as that obtained by treating the emulsion with a dye 
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that has approximately the same absorption in the visible that the un- 
dyed plate has in the ultraviolet. 

More data will be required before, if ever, a definite quantitative 
relation between wave length and resolving power can be established 
on a theoretical basis. With a knowledge of the resolving power ex- 
tending over a wider region, and a knowledge of the absorption and 
the scattering characteristics over the same spectral region, it is prob- 
able that considerable progress can be made in that direction. 


SUMMARY 


The change in the resolving power with wave length in the spectral 
region from A380 to 725 my has been determined for six different 
photographic plates. 

The maximum resolution is located in the near ultraviolet and the 


violet. 

Emulsions containing no sensitizing dye have minimum resolving 
power at A535 my; while for the orthochromatic and the panchro- 
matic emulsions containing dye sensitizers, this minimum is shifted 
to \485. 

More data are required before a quantitative relation between re- 
solving power and wave length can be established on a theoretical 


basis. It is probably determined largely by the absorption and the 
scattering characteristics. 


FEBRUARY, 1928. 












THIRTEENTH ANNUAL MEETING OPTICAL SOCIETY OF 
AMERICA AND EXHIBITION OF OPTICAL INSTRU- 
MENTS APPARATUS AND PRODUCTS 


NATIONAL BuREAU OF STANDARDS WASHINGTON 
NOVEMBER 1-3, 1928. 


The thirteenth annual meeting of the Optical Society of America will 
be held at the Bureau of Standards in Washington, November 1-3, 1928. 
Judging both from the record of the previous Washington meeting 
(October, 1922. See Proceedings, J.0.S.A. & R.S.I. 7, pp. 59-102; 
January, 1923.) and the plans which are being made for the coming 
meeting, it is expected that this will be the largest meeting in the 
Society’s history. 

In addition to the usual program of papers contributed by members 
on their own initiative, it is intended to have a well balanced program 
of invited papers on various outstanding topics in optics. 

The exhibition will be held under the joint auspices of the Bureau of 
Standards and the Optical Society. It will open October 31, the day 
before the meeting, and will be open from 9:00 a.m. to 4:30 p.m., October 
31—November 3 and one evening to be designated later. 

Attention is invited to the following aspects of the exhibition: 

(1) Manufacturers and dealers are invited to exhibit particularly: 

(a) Recently developed instruments; 

(b) Selected instruments which they wish to especially emphasize 
as current exemplars of their work or which they think will be 
of particular interest. 

There is no intention to attempt to make this exhibition a compre- 
hensive picture of the optical industry; and it is not expected that 
manufacturers of extensive and diversified lines will attempt to even 
approximate a complete showing of their products. It is hoped that they 
will attempt to make their exhibits instructive and scientifically signi- 
ficant. 

(2) It will afford an opportunity for the makers and vendors of re- 
search apparatus in optics to focus the attention of a large number of 
- prospective purchasers on the instruments and materials which they 
supply. In some cases the opportunity for direct sales promotion will 
be of considerable value to the maker. Likewise, the opportunity to 
obtain directly and in a convenient manner a considerable amount of 
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pertinent, definite information and advice on instruments will be of 
value to the prospective purchaser. 

(3) Individual workers who have recently developed new instruments 
and methods in research will find that their accomplishments can be 
made known much more effectively by means of an exhibit than by 
merely reading a paper at the meeting. Such exhibits of current pro- 
gress in research are especially invited. It is hoped and expected that 
many who have papers on the program will supplement and illustrate 
these papers by exhibits of their apparatus. 

A catalog of the exhibits will be published. To meet the expenses of 
printing, the Optical Society will collect a fee for space in the catalog 
from the commercial exhibitors. No fee will be charged for exhibits 
guch as are invited under item 3 just above. Exhibitors of both classes 
are expected to submit suitable descriptive matter for publication in 
the catalog. 

For further information concerning the exhibition all interested firms 
and individuals are invited to address: 

Dr. I. C. Gardner, Chairman, 
Committee on Optical Exhibition, 
Bureau of Standards, 
Washington, D. C. 
All material to be published in the catalog of the exhibition must be 
in Dr. Gardner’s hands not later than September 1. 

Members desiring to communicate papers to the meeting will please 

send abstracts to the Secretary in the usual form. Address: 
Prof. C. C. Bidwell, Secretary, 
Optical Society of America, 
Lehigh University, 
Bethlehem, Pa. 
All abstracts must be in the hands of the Secretary not later than 
September 14. 

The meeting and the exhibition will be open to non-members as well 
as members of the Society. All interested persons are cordially invited 
to attend both. Non-members who desire to receive the advance pro- 
gram and final notices in regard to the meeting, hotel headquarters, etc., 
should address their requests to the Secretary not later than Septem- 
ber 15. 

Irwin G. Priest, President 

WASHINGTON, 

June, 27, 1928. 
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The A B C of Relativity by Bertrand Russell, Harper & Brothers, 
New York, 1925. 

In clarity and charm of exposition, Mr. Russell’s book ranks with 
Eddington’s., “Space, Time, and Gravitation.” Unlike so many books on 
relativity,fit makes no pretense of explaining in words those things which 
cannot be¥treated properly except in mathematical terms. The reviewer 
fee \s that it is not quite fair to say, as the author does on page 16, that the 
phy sicist regards the physical world as real, not merely as something which 
human beings dream. The mere fact that the physicist can study an eclipse 
by the aid of photographic plates without direct intervention of the eye, 
certainly does not blind him to the true status of the controversy about the 
objective existence of an “external world.” Mr. Russell shows clearly at 
many points his sympathy with the view that the real subject matter of 
physics consists in the equations representing connections between ob- 
servable events whatever be the interpretation of the unobservable auxil- 
iary quantities occurring in these equations. Still, in the earlier portions 
of the book he says time and again that the motion of a particle is deter- 
mined essentially by conditions at the place in space-time where it happens 
to be, and not by any influence proceeding from bodies at a distance. The 
undersigned knows of no reason why a consistent theory of retarded action 
at a distance cannot be used to explain the facts of electromagnetism and 
of gravitation just as well as the field theory. Often in recent years he has 
referred to the view that E and H in Maxwell’s equations need not re- 
present anything having a “real” existence, in the sense that they are 
not essential to our description of relations between the motions and 
positions of material bodies. It is well to keep this viewpoint in mind 
when discussing a field theory, whatever be the practical advantages of 
that theory in computations. 

Mr. Russell’s illustrations of gravitational attraction, as due to “hills 
in space-time,” are extremely apt and are well carried through. In chap- 
ter 14 he gives a refreshing definition of matter in terms of its observable 
effects which will do much to clarify obscurities on this subject. The last 
chapter deals with the philosophical consequences of the theory. He says, 
“The philosophical consequences of relativity are neither so great nor so 
startling as is sometimes thought.” This viewpoint is very attractive, and 
Mr. Russell supports it in convincing style. It is indeed difficult to see how 
facts about the physical universe can throw light on metaphysical specula- 
tions, but they can certainly alter our opinions as to the value and interest 
of a given subject, and may even show that some problems are not worthy 
of the name. Let the rising generation of philosophers be warned,—the 
wedding of Philosophy to the twin sisters Physics and Mathematics is at 
hand, and Russell’s book is a peal of the wedding bells. 


Artuur E. Ruark 
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A MODEL TO ILLUSTRATE THE OPERATION 
OF THE FOUCAULT PENDULUM 


By F. E. Wricut anp F. H. ScHLoer 


The Earth rotates on its axis once every 24 hours. This fact we of 
the Twentieth Century know to be correct; but only a few centuries 
ago it was held in doubt and different explanations were given to ac- 
count for the daily passage of the Sun, Moon, and stars across the 
heavens. Much of the ancient mythology that has come down to us 
from past ages has to do with efforts to explain natural phenomena of 
this kind. Explanations by a primitive poeple are for the most part 
crude, but they are interesting and have a charm and fascination quite 
different from modern scientific demonstrations. Even in science, how- 
ever, a method of approach to a problem, or a proof of a problem, may 
be given that compels attention and, because of its simplicity and 
directness and far-reaching consequences, finds universal approval 
and appreciation. To this class belongs the method devised by Leon 
Foucault in 1851 to prove that the Earth is rotating. Many other 
methods have been used to prove that the Earth is rotating; but from 
the popular standpoint none has the appeal of Foucault’s method as he 
performed it in the Pantheon in Paris. Today the experiment in its 
original form is still being shown in many science exhibitions and in 
physical laboratories. It is attractive and convincing because, with 
very simple means, it enables the observer actually to see the effect of 
the Earth’s rotation in a few minutes of time. 

In his experiment Foucault suspended from the dome of the Pantheon 
a pendulum consisting of an eighty pound cannon ball attached to the 
end of a wire nearly 200 feet in length. As this pendulum swung back 
and forth a pointer projecting from the base of the ball traced its path 
over a flat disk or tray of sand. The direction of this path appeared to 
shift or turn slowly, like the hour hand of a clock, and to make a com- 
plete rotation in the course of about 32 hours. 

Foucault proved mathematically that not only does the pendulum 
show the rotation of the Earth and its direction, but also that the rate 
of turning of the plane of vibration varies with the latitude, namely, 
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inversely with the sine of the latitude. Although the mathematical 
demonstration given by Foucault is simple, the task of visualizing just 
what happens is not easy because it involves relations in space; to most 
of us the picturing of relations in space is difficult. Experience has 
shown that in such cases a model may greatly aid the visualization 
process. For this reason and also to assist the demonstrators at the 
Science Exhibition at the National Academy of Sciences and National 
Research Council in explaining the operation of the Foucault pendulum 
there installed, a model has been made showing in a mechanical way 
how the Foucault pendulum, set up at any latitude in the North Hem- 
isphere, rotates at a definite speed, dependent on the latitude, relative 
to that of the globe turning in the opposite direction. A photograph 
of this model is reproduced in Fig. 1; its mechanism is shown in Fig. 2. 


Fic. 1. Globe representing the rotating Earth. The small triangular piece above the slot rep- 
resents the Foucault pendulum. This can be set at any latitude. Its rate of rotation relative to 
that of the globe reproduces exactly that of the Foucault pendulum at that latitude. 


The globe of Fig. 1 represents the rotating Earth. The small triangu- 
lar piece projecting above the slot represents the Foucault pendulum 
and the plane in which it swings. When the pendulum is at the North 
Pole, its plane of vibration appears to remain stationary while the 
Earth rotates beneath it; actually its rate of rotation is exactly equal 
and opposite to that of the rotating Earth. To an observer standing 
on the Earth at the North Pole and unconscious of the Earth’s rotation 
but turning with it, the pendulum appears, in its to-and-fro vibrations, 
to travel around the disk in a clockwise direction and at a rate equal 
and opposite to that of the Earth. At the Equator the pendulum con- 
tinues to swing in the same plane and does not rotate or shift as the 
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Earth turns on its axis. At Washington the pendulum turns from 
right to left or clockwise, and more slowly than the rotating Earth. 
At points in the Southern Hemisphere the pendulum turns from left 
to right or counter-clockwise. In Fig. 2 the model is shown mounted 
at one side of the Foucault pendulum. 

This experiment was suggested to Foucault by a chance observation 
that if a thin rod, mounted with one end in a lathe, is set vibrating like 


Fic. 2. Photograph of Foucault pendulum swinging in the rotunda of the building of the 
National Academy of Sciences, Washington, D. C., with small model and miniature pendulum 
at its side illustrating the principle of the Foucault pendulum. 


a pendulum in a plane and then the lathe is allowed to turn slowly, the 
plane of vibration of the rod is maintained unaltered in position in 
spite of the rotation of the support. Another method to show the same 
thing is to suspend a free swinging pendulum, like the Foucault pendu- 
lum consisting of a small weight suspended at the end of a piece of 
thread, to the head of an upright drill, to set the pendulum vibrating 
in a plane, and then to cause the drill head to rotate slowly, and thus 
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turn the thread and weight, whereupon the plane of the swinging pen- 
dulum remains unchanged in spite of the rotation of its bob or sus- 
pended weight. If the drill head to which the pendulum is attached is 
rotated too fast, the thread tends to wind up and this introduces a 
factor that affects the periodic swinging and eventually the plane of 
vibration of the pendulum. 

From these experiments Foucault reasoned that if a freely swinging 
pendulum continues to swing in the same plane even though its point 





Fic. 3. In this diagram A represents a point on the surface of the rotating Earth; DC, the axis 
of rotation. In a short period of time the point A travels to B and its North-South line shifts thereby 
from AD to BD. The angle ADB is the angle swept through by the Foucault pendulum in this 
time period; this angle bears a definite relation to the angle AOB or ECF, the angle swept through 
by the rotating Earth during this period. 


of suspension be rotated, it should do so while the Earth rotates and 
carries with it the entire pendulum and its support; if therefore a free 
swinging pendulum is set oscillating in a North-South direction it 
should maintain that direction in spite of the rotation of the Earth 
and of the shift in position of the support. Foucault found this to be 
the case. He reasoned further that if, at any given instant, the line 
marked out by the pendulum pointer coincides with the North-South 
line on the disk beneath the pendulum, the extension of this line would 
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intersect the Earth’s axis at a point above the Pole, as shown in Fig. 3. 
In this figure let A represent the given point and D the intersection of 
the axis of rotation with the extension of the North-South line on the 
horizontal disk. A moment later the rotating Earth will have turned 
through the angle ECF and A will have traveled to B; the North- 
South line on the disk will have shifted its direction from AB to BD 
and moved through an angle ADB that is smaller than, but bears a 
definite relation to, the angle ECF or AOB swept out by the rotating 
Earth in the same minute of time. This shift in the direction of the 
North-South line is, however, the apparent angle swept out by the 
pendulum pointer in the opposite direction. It is not difficult to show 
what the relationship between the angular rotation of the Earth and 
the corresponding angular shift of the North-South line on the disk is. 
The angle indicating the turning of the Earth in passing from A to B 
is the angle AOB or ECF; the angle of turning of the North-South line 
on the disk is the angle ADB; but obviously the angle AOB is the pro- 
jection of ADB on the equator. Therefore these two angles are to each 
other as DB to BO or inversely as the sine of the latitude. Thus in 
Washington (latitude 38° 56’) the disk requires 24/sin 38° 56’ or 38 
hours and 1 minute to make a complete rotation under the swinging 
pendulum ; and 6 minutes 22 seconds, instead of the 4 minutes required 
by the Earth, to rotate through an angle of 1°. 

The shift in the direction of swing of the pendulum is due to the 
rotation of the Earth upon its axis and to its spherical form. Upon the 
surface of the rotating Earth the direction North is not a single direc- 
tion or line in space; but it is the direction in which, at a given moment 
and at a given place, we would start to more over the spherical surface 
of the Earth toward the North Pole. Even while we stand still upon 
the surface of the Earth its rotation causes the direction, in space, of 
the North-South line to change from moment to moment. The line at 
one moment is not parallel with itself at the next moment; but the set 
lines pointing North converges for a given latitude, to form a cone 
whose vertex is located on the axis of rotation. The pendulum swinging 
freely in space above the rotating Earth makes this shift in direction 
perceptible. If, at the beginning of a swing, the pendulum should 
start to move exactly toward the North, before the end of the swing 
the rotation of the Earth will have carried the whole system eastward 
where the direction, in space, of the North-South line is slightly 
different. In effect the pendulum moves in the same direction in space 
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in which it started, while the North-South line on the Earth twists 
around beneath it. 

The same reasoning holds true for any other direction of vibration 
of the pendulum. The plane, in which the pendulum swings, passes 
through the center of the Earth; the trace of this plane on the Earth’s 
surface is a great circle. This plane at a given instant makes a definite 
angle in space with the N-S direction or meridian plane. A moment 
later, however, the Earth has rotated through a small angle and the 
new N-S direction is no longer the original direction of reference, but 
includes a small angle with it. Referred to this new direction, as in- 
dicated by the N-S line on the dial, the plane of vibration has apparent- 
ly turned through a small angle. This apparent shift in angle results 
because the N-S-direction which we consider to be our direction of 
reference, is actually shifting its position in space at a constant rate 
depending on our position on the Earth’s surface. Except for the fact 
that the Earth carries the pendulum and its support along with it and 
hence shifts the plane of vibration, but does not rotate it, the apparent 
turning of the plane of the pendulum is due to the constant shift, in 
space, of our N-S direction of reference, caused by the Earth’s rotation. 
The fact that we are carried along with the Earth and fail to realize 
that the N-S line or any other line that we adopt as line of reference 
when we consider direction, is not a constant direction, but is con- 
stantly shifting its position in space with the rotation of the Earth, is 
the source of our difficulty in visualizing the action of the Foucault 
pendulum. 

Viewed from another standpoint we consider a point to be due East 
of, say, Washington if its latitude is the same as that of Washington. 
True East at any point is normal to the N-S direction or meridian; in 
space this direction East for Washington is not East for Columbia, 
Missouri which has approximately the same latitude. When we travel 
due East we do not, except along the Equator, follow the same direc- 
tion in space but are constantly shifting direction; the amount of shift 
in direction depends on the parallel or small circle of latitude that we 
follow. This is well recognized in sailing; the shortest distance from 
one point to a second point, due East of it, is not along the parallel of 
latitude, but along a great circle passing through the two points. For 
example if we wish to travel by the shortest line from Columbia, Mo. 
(Latitude 38° 56’, Longitude 92° 19’W) to Washington, D. C. (Lat. 
38° 56’, Long. 77° 04’W) our initial compass course in starting from 
Columbia would not be due East, but N 84° E approximately. To 
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maintain our course on this great circle it would be necessary to change 
our compass bearing from time to time. 

Returning now to the Foucault pendulum, if we trace all swings of 
the pendulum upon a horizontal dial beneath it, we find that in the 
Northern Hemisphere the path of each successive swing has moved a 
little in a clockwise direction with respect to the preceding swing. 


Fic. 4. Photograph of driving mechanism of model illustrating the action of the Foucault 
pendulum. 


The model (Figs. 4 and 5) illustrating the operation of the Foucault 
pendulum is made from a 8-inch commercial globe mounted on an 
axis. The globe was first cut in half along the equator; the mechanism 
for rotating the globe and the pendulum were then mounted inside 
the sphere. The driving unit is a small electric motor, made especially 
for use in aeronautical instruments; it turns the globe around once 
every 15 seconds. This motor was furnished to the National Academy 
of Sciences through the courtesy of the National Advisory Committee " 
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for Aeronautics. It is operated by a small 6-volt storage battery. The 
Foucault pendulum model is driven at the proper relative speed in 
versely proportioned to the sine of the latitude, by means of a friction 
wheel pressing against a central fixed hemispherical cam of the same 
diameter. A gear on the axis of the disk friction wheel is connected by 
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_— eee secu es oe . 
METAL DISK HEMISPHERE 
Fic. 5. Diagrammatic sketch showing hemispherical cam, metal disk rolling over cam, and 


gears transmitting motion of disk to Foucault pendulum model. In this sketch the Foucault 
pendulum is supposed to be at the North Pole. 








means of an idling gear to a gear on the axis of the radially mounted 
axis of the Foucault pendulum mount. 

Experience with the model as an aid in demonstrating the operation 
of the Foucault pendulum has shown that it does serve a useful pur- 
pose and greatly facilitates the explanation of the principle on which 
the Foucault pendulum is based. A simple pendulum suspended to 
the base of the model and connected to the rotating mechanism by a 
gear demonstrates the fact that the plane of vibration of the pendulum 
in maintained constant even though its support is rotated. 


GEOPHYSICAL LABORATORY, 
and NATIONAL ACADEMY OF SCIENCES, 
Wasaincton, D. C. 





AN ADJUSTABLE THERMOSTAT 
By BraprorD Noyes, JR. 


Perhaps the most satisfactory devices for sensitive high temperature 
thermostats have been developed by workers at the Geophysical Labor- 
atory in Washington. In 1919, White and Adams! described a Wheat- 
stone bridge arrangement in which one arm of the bridge was the heat- 
ing coil of the furnace. Roberts* has refined and elaborated. The appa- 
ratus of White and Adams required direct current, while Roberts adapt- 
ed the apparatus to alternating current by means of two rectifiers. 
Adams’ further refined the apparatus by the addition of a vacuum tube 
operating as a relay. Roberts‘ has given a very complete description 
of the apparatus, with information as to the relays used, the design of 
a suitable rectifier, and other valuable information. 

Some time ago a particular application in the laboratory called for a 
control which was more sensitive than the ordinary commercial con- 
trol. It was desired to build this instrument out of parts already availa- 
ble or which could easily be obtained. For several reasons it was 
thought that the apparatus developed at the Geophysical laboratory 
was not suited for the particular use. The apparatus as finally assem- 
bled consisted of the following: thermocouple, potentiometer, photo- 
electric cell, vacuum tube, two relays and several slide resistances and 
batteries. The thermojunction is mounted in the center of a furnace, 
wound so as to give approximately uniform temperature. The selec- 
tion of material for thermocouple depends entirely upon the range of 
temperatures. Up to 650°C a copper-constantan junction is satisfac- 
tory, while above this temperature a platinum-platinum rhodium 
junction is more suitable. The cold junctions are kept in ice in a Dewar 
flask. At first a metal vacuum jar was used, and it was necessary to 
refill with ice each day. Later a silvered glass Dewar flask of the same 
capacity was substituted, and it is now necessary to refill only every 
two weeks. 

The operation can be seen from Fig. 1. It is necessary to bring the 
furnace to the desired temperature before the regulator operates. 


‘Phys. Rev., 14, 45-48; 1919. 

XJ .OS.A. and R.S.1., 6, pp. 965-977; 1922. 
? J.0.S.A. and R.S.1., 8, pp. 599-603; 1924. 
*J.0 S.A, and R,S.L., 11, pp. 171-186; 1925. 
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Wires from the cold junction run in to a Wolff Potentiometer (15,000 
ohms) located in another room. The thermal emf. is balanced on the 
potentiometer. Connected to the potentiometer is a Leeds and North- 
rup Type R galvanometer, with a 4” mirror. Light from a ribbon 
filament lamp, 108 watts, passes through the condensing lens and is 
reflected by the galvanometer mirror to a photoelectric cell. The 
cell available was made by the Case Laboratories in September 1919, 
and its subsequent history is unknown. It is enclosed in deep ruby 
glass, which considerably reduces the sensitivity, thus requiring a more 
intense source of illumination. The amplification and relay circuit is 
shown in Fig. 2. The vacuum tube used was a U. V. 199. It is not 
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necessary to run the filament at its rated current to obtain the maxi- 
mum rated plate current, and the original tube has continued to give 
satisfaction. The most suitable grid resistance is found to be about 
twenty-five megohms. In originally setting up this circuit considerable 
time was wasted and trouble was experienced because this resistance 
was not of proper size. 

Three relays are used in the present arrangement, two galvanometer 
relays manufactured by a well known concern, and one polarized relay 
manufactured by the Central Scientific Company. At first only one 
galvanometer relay was used, but as considerable trouble was exper- 
ienced with the contact points sticking, two were placed in series. Al- 
though the voltage and current necessary to operate the Central 
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Scientific Company relay are well below the rated capacity of the gal- 
vanometer instruments, the sticking of the latter remains a source of 
continual annoyance. The Central Scientific Company relay makes 
contact when no current is flowing through the coils. Hence, the appa- 
ratus may be arranged so that when the light falls on the photoelectric 
cell, the plate current of the vacuum tube causes the galvanometer 
relay to open the primary circuit of the Cenco relay, thus increasing 
the current in the furnace by shorting resistance B. 

Several other arrangements were tried. One such consisted of two 
photoelectric cells, one throwing the resistance in, the other throwing 
it out. Another arrangement was such that the galvanometer light 
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Fic. 2 


decreased rather than increased the energy supplied to the furnace. 
The arrangement described in detail above proved most satisfactory 
chiefly because the usual accidents which might be anticipated would 
decrease the temperature in the furnace rather than cause it to over- 
heat. Among these anticipated failures may be listed: (1) failure of 
vacuum tube, (2) burning out of galvanometer light, (3) failure of 
photoelectric in all ways except increase of dark current, (4) sticking 
of galvanometer relay points. 

This system has one disadvantage. Once the temperature falls so 
that the galvanometer light has entirely passed over the cell the system 
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will no longer regulate. The furnace must be brought to proper tem- 
perature manually. In one of the systems mentioned above (where the 
galvanometer light on the cell decreased rather than increased the 
current) the apparatus will come to the proper temperature automati 
cally. However, in case of failure of cell, vacuum tube, or galvanometer 
light, an over-heating results. 

The accuracy of the control obtainable depends upon a number of 
factors, chief of which is the constancy of the 110 volt supply line. 
Unfortunately, in the laboratory the supply varies by more than fifteen 
per cent. During working hours the plant generator supplies the energy, 
but at night power is taken from the city supply line, the voltage of 
this latter being about ten per cent higher than that of the plant gener- 
ator. The ideal condition is to have resistances C + B so adjusted 
that the furnace would reach equilibrium a few degrees below the de- 
sired temperature; and resistance B of such a value that when it is out 
of the circuit, shorted by the relay, the temperature would reach 
equilibrium a few degrees above the desired temperature. In our own 
case, it was found necessary to adjust B + C so that a 20% increase 
in power would still maintain the temperature below the desired point, 
and C had to be of such a value that with the decrease in voltage in the 
day time, the energy supplied when B was not in the circuit would 
still be sufficient to maintain the desired temperature. In spite of this 
handicap, it was found possible to control the temperature to within 
one degree centigrade. 

With the values of B and C properly chosen, one source of error 
remains,—the fluctuation in voltage of the storage battery supplying 
the potentiometer. In the present apparatus a two volt, 110 ampere 
hour Exide cell is used. The cell is over three years old but is perfectly 
satisfactory. It is necessary to be sure that room temperature does not 
vary excessively. The potentiometer requires only one tenth milli- 
ampere, and after the cell has come to equilibrium it is necessary to 
check on the standard cell only once in several days. 

The entire apparatus is capable of a number of refinements. At the 
present time, a system is being prepared which it is hoped to operate 
entirely on alternating current, with the single exception of the poten- 
tiometer. By substituting a more powerful amplifying tube for the 
one used, it is planned to do away with the galvanometer relays, operat- 
ing a suitable relay, direct from the vacuum tube. The galvanometer 
is at present shunted so as to be approximately critically damped. A 
more sensitive galvanometer could well be used, and there is nothing 
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to be gained by damping it. The limiting factor would generally appear 
to be the constancy of the voltage or, in other words, the precision with 
which B and C may be adjusted. 

The apparatus has been in operation for several months and with 
the exception of the failure of the relays mentioned above, no trouble 
is experienced. One advantage of the arrangement is the ease with 
which the regulating temperature may be changed, a different setting 
of the potentiometer being all that is necessary. 


TAYLor INSTRUMENT COMPANIES, 
Rocuester, N. Y. 


A high potential battery substitute. When one needs a source of 
high potential that is very constant as for example for the operation of a 
Geiger point counter, a simple and economical apparatus such as described 
herein, which will satisfy this need, may be set up out of apparatus found 
around any physical laboratory. 

This apparatus is a simple Kenetron rectifying circuit, in which ordinary 
radio tubes are used instead of the more expensive Kenetron tubes. To 
step up the alternating current in the circuit one may use almost any step- 
up transformer such as a } K. W. spark transmitting transformer or even a 
spark coil. Five watt power radio tubes are best to use as rectifiers although 
ordinary amplifying tubes may be used. The insulation of ordinary am- 
plifying tubes is inferior to that of the power tubes and sparking sometimes 
occurs between the lead wires at the place where they are sealed through 
the glass. 

It is essential that the grid and filament of each tube be connected to- 
gether, otherwise the electrostatic: force on the filament may be great 
enough to destroy it. The filaments must be heated by two separate and 
insulated storage batteries. Sufficient insulation of these batteries is ob- 
tained by setting the batteries on pieces of glass. 

The constancy of the “output” voltage of the rectifier depends upon the 
capacity in parallel with the rectifying tubes. For the operation of a Geiger 
point 0.1 mfd condensers are suitable. It is obvious that very little power 
may be drawn from this rectifier because of the limited capacity of the radio 
tubes. With this rectifier as a source of potential difference a Geiger point 
counter, such as described by Wiilf (Physikalische ZS., 26, p. 382; 1925) 
can be made to operate continuously for hours which makes it a more 
valuable apparatus for experiments and lecture demonstrations. 

JoHN STRONG 


UNIVERSITY OF MICHIGAN, 
ANN ARBOR, MICHIGAN. 





A NOTE ON METHODS OF RAPIDLY ADJUSTING A RADIO 
FREQUENCY OSCILLATOR IN SMALL STEPS 
OF FREQUENCY* 


By J. K. Clapp 


ABSTRACT 


Simple and rapid methods for adjusting the frequency of a radio frequency oscillator in 
small steps of frequency by aural methods are described. By use of the nm harmonic of the 
radio frequency oscillator the steps of frequency may be made 1/n times a convenient fixed 
audio frequency, such as that of a tuning fork. By elaboration of the equipment the adjust- 
ments may be made to within 1/m cycles per second, where n is the order number of the oscil- 
lator harmonic employed. 


I. A SIMPLE AND RAPID METHOD OF MODERATE PRECISION 


In the study of resonance in very sharply tuned circuits, the amplifi- 
cation obtained in highly selective amplifiers and similar problems, it 
is necessary to be able to adjust the driving oscillator in small steps 
of frequency with reasonable accuracy. If such measurements are 
attempted when using an ordinary wavemeter for frequency measure- 
ment, the precision of the settings is very poor, as it is very difficult to 


measure small differences in frequency with such an instrument. 
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[ seams es) l Tuning Pork 


Fic. 1. By means of the heterodyne and tuning fork, it is possible to adjust the driving oscil- 
lator to successive frequencies differing from each other by 1/n times the tuning fork frequency 
where n is the number of the driver harmonic which is used to produce beats in the heterodyne. 
The accuracy is only moderate,—within 5 cycles per second, approximately. 


























By making use of a heterodyning oscillator (hereafter referred to as 
the “heterodyne,” for brevity) and a tuning fork, it is quite simple to 
adjust the driving oscillator (referred to later as the “driver”) in fairly 
small steps of frequency with good precision. The arrangement of equip- 
ment is indicated in Figure 1, the heterodyne being coupled by any 


* Contribution from the Round Hills Radio Research, sponsored by E. H. R. Green. 
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convenient means to the driver. In any ordinary driving circuit, 
the harmonic content of the output current is sufficiently great so that 
audible beats may be obtained between successive harmonics of the 
driver and the fundamental frequency of the heterodyne. If the 
harmonic amplitudes are not great enough to produce audible notes 
of suitable intensity with a simple heterodyne, an audio frequency 
amplifier may be added to the heterodyne circuit. 

The process of making the adjustments is carried out as follows: 
With the driver adjusted to a desired initial frequency, obtain an 
audible beat between the heterodyne fundamental frequency and the 
desired harmonic of the driver. Adjust the heterodyne fundamental 
frequency so that it is either higher or lower than that of the driver 
harmonic frequency, depending upon whether the driver is to be ad- 
justed to higher or lower frequencies. Next adjust the audible beat 
note to a definite frequency, by varying the fundamental frequency of 
the heterodyne, and obtaining zero beat between the audible beat note 
and the tuning fork, or other source of known audio frequency. If a 
telephone headset is used, the beats between the audible tone and 
the tuning fork may be readily obtained by holding the vibrating fork 
near the ear. When this adjustment has been made, the fundamental 
frequency of the heterodyne differs from the frequency of the Priver 
harmonic by the known frequency of the tuning fork. 

Having completed this initial adjustment, the frequency of the driver 
fundamental is now altered, toward the higher or lower value desired. 
This alteration in frequency will bring the audible beat tone to a lower 
frequency, and if continued will eventually bring the audio beat fre- 
quency to zero. The fundamental of the driver has then changed from 
the initial frequency by an amount. 


AF = f/n cps (1) 


where AF = change in driver fundamental frequency, 
jf =frequency of fork, 
n =order number of driver harmonic used to obtain the audible 
beats. 

As an example, take the case of a 30,000 cps. driver; making use of 
the 10th harmonic and a 500 cycle tuning fork, the driver frequency 
may be changed by steps of 500/10, or 50 cps. (0.17 per cent). ° 

These small changes in the driver fundamental may be made quite 
accurately, even though the adjustments are carried forward only by 
“zero” audible beat. In‘ the example above, the audio beat is readily 





134 J. K. Clapp [J.0.S.A. & R.S.1., 17 


adjusted to 500+1 cps. Adjustment of the driver harmonic frequency 
so that zero beat is again obtained may be readily made to (30,000 x 10) 
+50 cps. For the fundamental this becomes 30,000+5 cps., or in 
percentage terms, steps of 0.17 per cent in frequency may be mace 
with an error of approximately 10 per cent per step. If a higher fre- 
quency tuning fork is employed, the relative error of setting the 
driver fundamental frequency to successive values is correspondingly 
reduced. 


II. SIMPLE AND RAPID METHOD OF HIGH PRECISION 


If a sensitive galvanometer is employed in the output of the hetero- 
dyne, in conjunction with the telephones, for indicating zero beat, the 
frequency settings may be made with a high degree of precision. If 
the adjustment is made so that the galvanometer swings from maximum 
to minimum and back again in one second, the heterodyne frequency 
then differs from the driver harmonic frequency by one cycle per second. 
In the example given above, then, the change in driver fundamental 
frequency is made to the nearest cycle for the 10th harmonic, or to the 
nearest 1/10th cycle for the fundamental. The driver may then be 
adjusted in successive steps of 50 cycles per second, with an approxi- 
mate error of 0.1 cps. per step, or 0.2 percent. 


Ill. AN ACCURATE METHOD REQUIRING NO GALVANOMETER 


If two heterodynes are provided, it is possible to carry forward the 
adjustment of the driver frequency with about the same accuracy as 
when the galvanometer is employed, while depending only upon 
adjustments made by means of telephone receivers, as follows: 

Method A. The procedure is identical with that given under I above 
in so far as the adjustments of the driver and heterodyne frequencies 
are concerned. The present method provides a simple means of indicat- 
ing the zero beat adjustment between the driver harmonic and the 
heterodyne fundamental. An auxiliary heterodyne is brought into play,' 
in order that a tone may be heard in the telephones at all times that 
the adjustments are being made. This auxiliary heterodyne should be 
coupled to the first heterodyne so that an audible beat tone is obtained, 
but the frequency of this beat tone is of no consequence in making the 
measurements. The auxiliary should be adjusted simply to give a tone 

" of such a pitch as to be easily heard. It will be found that when the 


! Editor’s Letter. “A Modified Beat Method of Comparing Two High Frequency Oscil- 
lations” Exp. Wireless and Wireless Eng. Mar. 1927. 
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driving oscillator harmonic frequency and the auxiliary heterodyne 
frequency are impressed on the first heterodyne, a note will be heard 
in the output whose intensity varies periodically, waxing and waning 
at a frequency corresponding to the difference in frequency between the 
driver harmonic and the fundamental of the first heterodyne. This 
waxing and waning is easily regulated to a cycle per second, yielding 
the same accuracy for the driver adjustment as II above, but with the 
simplicity and rapidity of adjustment which is characteristic of ad- 
justments made entirely by ear. 

Method B. If the auxiliary heterodyne is adjusted so as to produce 
a difference in frequency with the first heterodyne equal to the fork 
frequency, f, the frequency adjustments of the driver may be made 
at intervals corresponding to f/2m instead of f/m as above, or, if 
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Fic. 2. When the two heterodynes are employed, as indicated above, it is possible to adjust 
the driving oscillator in steps of frequency differing from each other by 1/n or 1/2n times the tuning 
fork frequency, with an accuracy of 1/n cycle per second, where n is the order number of the driver 
harmonic which is used to produce the beats in the heterodyne. 


intervals of f/m only are desired, then a fork of frequency 2f may be 
used. 


The initial adjustment of heterodyne No. 1, to beat zero with the 
desired harmonic of the driver is carried out as in I. The driver is then 
stopped, and heterodyne No. 2 is started. The fundamental fre- 
quency of this second heterodyne is adjusted so that a beat tone of 
the fork frequency is obtained in the output of No. 1, zero beat between 
the fork and the beat tone being obtained as previously described. 
The driver is again placed in operation, with the result that a waxing 
and waning of the tone heard will be obtained, unless the harmonic 
frequency of the driver corresponds exactly to that of the first hetero- 
dyne. The driver fundamental is now varied, so as to change the 
frequency of the harmonic used from that of heterodyne No. 1, toward 
that of heterodyne No. 2. As this change is made, it will be seen that 
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the audio beat produced between the driver harmonic and the funda- 
mental of heterodyne No. 1 will be rising from zero toward the fork 
frequency, while the beat produced between the driver harmonic and 
the fundamental of heterodyne No. 2 will be descending from the fork 
frequency toward zero. When the driver frequency has been altered by 
an amount such that the beats between its harmonic and the frequencies 
of the two heterodynes are nearly equal, it will be found that a waxing 
and waning tone of approximately one half the fork frequency is heard. 
By bringing the frequency of the waxing and waning to zero, the har- 
monic frequency of the driver has been adjusted to be just midway 
between the fundamental frequencies of the heterodynes. Continuing 
the change in driver fundamental frequency, it is found that as the 
harmonic frequency approaches that of the fundamental of the second 
heterodyne, the beats thereby produced approach zero, while the beats 
produced with the first heterodyne approach fork frequency. The 
waxing and waning again becomes evident and when the harmonic fre- 
quency of the driver has been adjusted exactly to that of the second 
heterodyne, the waxing and waning disappears. 

Following the example previously given, if the frequency of the 
waxing and waning is brought in each case to one cycle per second, or 


TaBLe 1. Table of driver frequencies obtainable by successive settings of two heterodynes, 
having a constant difference in frequency 








Initial frequency 30,000 cps. 
Fork frequency =f =500 cps. = difference frequency. 
Harmonic number= n= 10 





Heterodyne No. 1 Heterodyne No. 2 Successive driver Successive driver 
Harmonic frequencies |Fundamental frequen- 
cies 
Error 1 cps. approx. | Error 0.1 cps. approx. 
300,000 : 30,000 
No. 1 30,025 
changed to ' 30,005 
301,000 
[ 30,075 
, 30, 100 
301 ,000 
No. 1 [30, 125 
changed to : 30, 150 
302 ,000 
30,175 
30, 200 
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less, then the driver fundamental frequency is changed by 25+0.1 
and 50+0.1 cycles per second respectively for the two zero beat ad- 
justments described in the last paragraph. 

Having varied the driver fundamental frequency through these 
two steps, it is then necessary to re-set one of the heterodynes. This 
should be the first heterodyne, whose frequency should now be varied 
past that of the second heterodyne until a difference of frequency 
between the heterodynes equal to the frequency of the fork is again 
established. The driver fundamental may then be adjusted through 
two more steps, and then further by repetition of the process. The 
example is carried forward through several steps in the accompanying 
table. 

CoMMUNICATION LABORATORY, 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 


CAMBRIDGE, MASSACHUSETTS. 
January 9, 1928. 





FREE FALL APPARATUS, NEWTON’S 
SECOND LAW OF MOTION 


By Peter L. Tea* 
ABSTRACT 


This paper describes a new piece of apparatus for obtaining an accurate table of time and 
distance of a freely falling body; by the use of counterweights, the device serves as an accurate 
Atwood machine to check Newton’s Second Law of Motion. 


It was the desire to obtain, for classes of beginners in physics, 
experimental data from which to deduce the laws of falling bodies, 
and data to verify Newton’s Second Law of Motion, that resulted 
in the development of the apparatus to be described. For individual 
experimental work the apparatus must be simple, rugged; it must yield 
a table of distance fallen from rest with corrseponding time. Thus 
the starting, or zero point, the apex of the parabola, must be accurately 
determined. If this point is not well defined, the discussion of the 
results is no longer simple and direct, and is not suitable for beginners. 
The method of differences, with the assumption of the very law to be 
determined, is resorted to. Advanced students will do this without a 
murmur; they have taken the laws of falling bodies, and the funda- 
mental Newton’s Second Law, for granted in their first course. 

As far as the writer can ascertain, the accurate determination of the 
zero point is not embodied in any existing apparatus. 

The salient features of our apparatus are: 

1—Simple, easily operated; delicate manipulations are eliminated; 
simple to understand. 

2—Particularly suitable for beginners in physics. 

3—The starting, or zero point, is accurately determined, simplifying 
the discussion of the results. 

4—Tests can be duplicated to .001 second for each point, as can 
be checked by superposing duplicate records. 

5—A permanent record is obtained for each experiment, Figs. 2, 4, 
which forms part of the student’s report. 

6—The method of the research worker is followed: from the record, 
the table’of s and ¢ is drawn up and discussed, leading to plotting on 
co-ordinate and on log log paper, figs. 2, 3,4, and thence to the laws. 


* Instructor, College of the City of New York. 
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7—Suitable for lecture room work. The record can be reflected on the 
screen, and the angles of time can be read off by the class. A transparent 
paper protractor is placed on the record. 

8—Suitable for individual or group laboratory work. 

9—Compact; all contained in a box 16” x 9” x 9’. 


DESCRIPTION AND OPERATION 


The turntable 7, Fig. 1, is operated by a special spring motor with 
governor, and runs at a remarkably uniform speed, as is evidenced 
by the superposability of duplicate records. This turntable carries the 








Fic. 1. Perspective and detail of the apparatus. 


record, of paper, held down by cover of suitable weight. The turning 
record is the carrier of the time; it is in fact a clock and its R.P.M. can 
be quickly determined by counting the number of turns of a strip of 
paper on 7, per minute. The weight W is wound up by turning the cord 
drum by means of the handle shown, and the cord drum is held fast by 
means of a latch, so that the stylus is within one thirty-secondth of an 
inch from the record. On releasing the cord drum latch, the cord 
snap causes the cord drum to travel the one thirty-secondth of an inch 
many times faster than due to gravity; the velocity of the cord drum, 
which has a very low effective mass, is damped by the cutting of first 
slit in the record, point No. 0, or zero point. 
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A fine cord is used, and the diameter of the cord drum, one and one 
half inches, is uniform, so that the distance fallen is the same between 
successive slits. This distance is determined by winding up the weight 
to just hang free, the cord drum is then latched. The height of 1’ is 
measured from some stable point. The W is then wound a total of eight 
turns, and the height measured again, whence the unit distance js 
determined. 

The weight receiver serves to catch the weight; a layer of one and one 
half inches of fine sand, with no dust, or small lead shot serves as a 
very good damper. The weight does not bounce; but merely imbeds 
itself slightly, and remains upright, if, on release, it is not swinging. 


/ 

2 
3 
4 
s 
6 
7 
6 


W-10392% w~0o RPMN-09 


t-3 im seconds 


Fic. 2. Free fall record and table. Actual dia. 6}". 


A damper of this nature is necessary to prevent extra, accidental 
marks to appear on the record. 

Referring to Fig. 2, the times to fall 4 units and 8 units are double, 
respectively, the times to fall 1 and 2 units. This indicates the square 
law of time, leading to the discussion of uniform motion and of uni- 
form acceleration. By plotting the results on co-ordinate paper, the 
mean velocity can be calculated in the neighborhood of each of the 
eight points, and the velocity can be plotted with the time, whence 
the change in velocity with the time can be determined, and plotted. 
For more advanced students, plotting on log log paper is advisable. 

Used with counterweights, as an accurate Atwood machine, Fig. 4, 
Newton’s Second Law of Motion can be verified. 
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2,235 
a,=250 
Tan 9 =%,=/98 
fan A= %,=/9%6 
S=fat™ (gs =logta + Blogt 
for t=1 Mogs=log4e 


Fic. 3. Records 1 and 2 plotted on log log paper. 


Fic. 4. Record using counterweight; accurate Atwood machine, 
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Our machine is designed with very low effective mass of cord drum 
and pulley at the cord radius. These masses can thus be neglected. 


THE ZERO POINT 


The effect of the distance h of the stylus above the record, Figs. 1, 5, 
would be considerable if the cord were not elastic. 

The distance fallen between slits 0 and 1 would be independent of 4, 
and would equal one turn of the cord drum; but W has developed a 
velocity v in falling through 4. This would result in an error in the time 
of the zero point. 

$=vot+4al?=0.4 foot 
me=V ‘Qah 
M 
a= g=31.6 
M+m 
Mg=W 





where m is the combined effective mass of the cord drum and pulley 
at the cord radius, 2% of M. 

The theoretical time of fall of 0.4 ft. is 0.157 seconds; from eq. 1 we 
would obtain 0.147 seconds, an indicated error of 0.01 second. 

The apparatus does not admit of setting / at less than one thirty- 
secondth of an inch, without scratching the record and destroying the 
uniformity of the motion of the turntable, and besides the cost would 
be too great to eliminate entirely the wobble in the turntable. 

The use of the snap in the cord on releasing the weight, serves not 
only to nullify the effect of 4, but to nullify the effect of more wobble 
than exists in the apparatus. 

The elastic energy stored in the cord is 1/2eMgl, (2) 
where / is the elongation of the cord of length L, e is the resilience or 
efficiency factor. The average tension is 1/2eMg, which is 25 times the 
value of mg. 


1 
mA =—eM A=—e— (3) 
2 s 2 =e 


thus the acceleration given to the cord drum and pulley is, for e=1, 25 
times g, the acceleration of gravity, which is sufficient to overcome the 
usual slow initial motion of bodies. The distance / is covered in 
negligible time. This high velocity of the very light masses involved 
represents very little energy; this energy is effectively damped out when 
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the stylus cuts the point No. 0; the cutting of this first slit is at the 
expense of the energy in the cord, and does not retard the weight W. 
A proper choice of cord and record paper must be made, so that the 
snap may be sufficient and that the damping should be neither too great 
nor too small. 

A more accurate determination of the relations as this initial accelera- 
tion takes place, may be of interest. The initial position of a point of the 
cord near the cord drum is x=/ and the final x =0; for a point of the 
cord near W, s =0 initially, s=s at the end of the period of stretch. 


T= Mg, t=0 
t=0 
t=t, 
t=, 


x 
T= Me 


x=Ilcos Bt 


v=—I/B sin Bi 


wr i 
when x=0 t=4=—— 
2B 
The time required to fall k=,” is obtained by substituting x =/— 7?” 
changed to feet. For /=}” 


t= .002 seconds. 


The actual fall between points No. 0 and No. 1 is, due to the con- 

traction of the cord, 0.4 feet —(/—,,)/12, but this effect is negligible. 

The cord is slightly slack at the end of the cord snap, W having re- 
mained practically still. 


ELASTIC EFFICIENCY 

We will not take up space to show the detailed tests made to arrive 
at a suitable cord; but will mention some interesting results noted. 
The static loop of force and elongation, showed up with considerable 
area for small extreme loads. While practically the same large loop 
remained, for larger values of extreme loads, it practically superposed 
on the smaller loop, the two curves, outgoing and return, practically 
coinciding thereafter. Thus there is a sudden jump in efficiency. The 
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dynamic loop follows the static loop fairly well, even though there is 
more or less creeping observable in the latter. 


+-+— yl 


























Fic. 5. Fic. 6. Fic. 7. 


The efficiency was obtained under dynamic conditions, Fig. 7, by 
burning the thread, the small mass m=0.1 ounce; the cord will snap 
m vertically upward to a height H. 

r d*x (7 
mg =m an 

The work of elastic form given up by the cord to the mass m is 


*d*x dx v? 


I 
T—mg)dx= — —dé=m— 8 
fc pont => -, (8) 


T (average) = 3H +meg (9) 


This is the experimental value of T (average). 
If the efficiency were 100% the average elastic force would be 4Mg 
whence the efficiency may be calculated.* 
College of the City of New York, 
New York, N. Y. 


* This apparatus is manufactured by The Scientific Apparatus Co. 





A VACUUM GRATING SPECTROGRAPH FOR 
ULTRAVIOLET AND SOFT X-RAYS 


By Jean THIBAUD 


We know what difficulties stopped, for a long time, all progress 
in the measurement of the wave lengths of rays lying between 
Millikan’s ultraviolet and Réntgen spectra, viz.: much too small 
lattice constant of crystal gratings used for x-rays and much too big 
line spacing of ruled gratings, used in optical apparatus. Recently, 
some people have succeeded in using certain crystal stratifications 
of peculiarly high lattice constant. It seems, though, that this 
way of proceeding gives the lines a diffuse aspect and such a width 
that the accuracy of the measurements is much lessened. 


Fic. 1. Vacuum spectrograph. 


In the course of researches in progress since 1925, I have tried to 
perfect the new method (as described by me in various former 
publications) based on the use of ruled gratings under very high 
glancing angle, nearing 90°, which is particularly suitable for high 
resolving power. I have since endeavored to apply the method to 
the study of the spectral region between x-rays and the ultra- 
violet. 


I obtained at once x-ray spectra (Ka and K@ of iron and copper) 
by use of glass ruled gratings with 200 lines per mm.! I showed 
then? the possibility of extending the tangential grating method 


1 Academie des Sciences, December 21, 1925, Comptes Rendus January 4, 1926. See 
Fig. 5, upper figure. 
2 Revue d’Optique, 5, p. 105; 1926. 
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from x-ray to ultraviolet spectra and in this paper, I published, 
after a description of the vacuum spectrograph, a reproduction of 
an ultraviolet spectrum (carbon spark). Next, I obtained results’ 
in Millikan’s ultraviolet beyond 140A (copper condensed spark as 
source of light, see Fig. 4) with a second spectrograph. Prof. Lyman, 
at the Chicago meeting’ showed what interest and results can be 
expected from this apparatus in joining the ultraviolet and x-ray spectra. 

With a third spectrographic design, (plane ruled grating with 30,000 
lines per inch) I measured® the L lines of iron, K of oxygen and car- 
bon and M of molybdenum. A. Soltan’ and myself published® studies 
of the M and N series of heavier elements and of the K series of lighter 
elements. 














Fic. 2. Apparatus with condensed spark chamber. 


Recently*’ I obtained absorption spectra of soft x-rays-and measured 
the K absorption edges of carbon, nitrogen and oxygen. 

I. Vacuum spectrograph—We shall not return to the principle of 
the apparatus which has been fully described in former notes. The 
design in Fig. 1 shows the entire apparatus which has been con- 
structed with the greatest care by the firm, Ch. Beaudouin® (Mr. 
Gondet, engineer). The dimensions of the cylindrical brass tube AA 
which constitutes the tight box are 60 cm in length and 18 cm in 
diameter. Figs. 2 and 3 show the disposition of the source, the two 


* Comptes Rendus, May 10, 1926. 

* Jour. de Physique, January, 1927. 

5 American Physical Society, February, 1927. 

* Comptes Rendus, July 4, 1927. 

7 International Education Board Fellow. 

8 J. Thibaud and A. Soltan, Comptes Rendus, October 3, 1927. See also Jour. de Physique, 
November and December, 1927. 

8’ J. Thibaud, Comptes Rendus, January, 1928. Nature 3, March, 1928. 

* Paris, 31 rue Lhomond. 
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slits F, the grating R, and plate-holder P. The apparatus can be 
equipped, according to requirements, either with a condensed spark 
chamber £ (Fig. 2) or with an x-ray tube (Fig. 3). 

The source used at present is an x-ray metallic tube which is of 
particularly strong construction. It is of the hot cathode type with 
water cooling and removable anode. A water cooling appliance en- 
closes the body of the tube. The conical joints, all removable, are 
made tight with rubber grease only. The cathode is insulated by a 
glass cylinder. 








Fic. 3. Spectrograph with x-ray tube. 


The vacuum is obtained by the aid of an helicoidal molecular pump 
which maintains the vacuum directly inside of the box of the spectro- 
graph, and inside the x-ray tube, through a large lateral lead tube. 
These channels connected together by plane or conical joints can be 
easily removed. The pumping requires fifteen minutes from atmos- 
pheric pressure. Let us remark that between the target and the grat- 
ing, two adjustable slits alone limit the narrow bundle of the useful 
rays, which pass through no material on their way to the plate. This 
is an important characteristic of this spectrograph as the absorbing 
power of a screen would disturb the bundle. This tube is maintained 
at constant voltage by means of a dynamo, with 50 to 100 ma current. 
All the spectra are obtained at fairly low voltage, between 900 and 
1000 volts. The plane gratings set up on the adjusting appliance are 
always made of glass as we have found that this material is superior 
to speculum metal in reflecting power for soft x-rays. 

The first grating, used in all our previous researches, had 200 lines 
per millimeter and gave, for ten minutes’ exposures, four orders of 
the Ka line of carbon \=44.9A, with a dispersion of 12.6 mm for 
the first and of 19 mm for the second order, the length between the 
plate and the grating being 40 cm. I am now using small-size pieces 











148 Jean THIBAUD [J.O.S.A. & R.S.1., 17 A 


of gratings placed at my disposal by Prof. R. W. Wood. Their surfa: e, in 
which is remarkably ruled, shows 1180 lines per millimeter (30,000 - 
per inch). When used in my apparatus under tangential incidence 
they give very fine spectra with marked dispersion, the orders 1, 2, 3, 
of the Ka line of carbon appearing (on plate at 40 cm) at 33 mm, 50 mm 
and 63 mm from the point of the reflected bundle (complement of the 


K-series of car- 
bon and oxygen. ' 
L-series of iron. fom 07 38 


Oy Seay 


M-series of molyb- fi 


denum. 






K-series of car- 


bon and boron. 


K-series of C, N 
and O. 

L-series of iron. 

N-series of tung- 
sten. 


K-series of C and 
0. 


N-series of tung- 
Sten. 





Fic. 4. Soft x-ray emission spectra (from Thibaud and Soltan) (full size) 


glancing angle upon grating: 6=0.021). In spite of the important 
increase of dispersion the intensity of the spectrum remains con- 
siderable, so that we use only ordinary plates, exclusive of Schumann 
plates. It is not even necessary to coat the plates with fluorescent oil. 

In this way we have been able to photograph the spectrum at 40 
cm in five minutes, expending only 10 watts in the tube. We are 
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inclined to think that the transformation of the kinetic energy of the 
cathodic rays to x-rays takes place with higher efficiency at lower 





1°/X-ray spectrum (Thibaud) 
(a) Copper spectrum (b) Iron spectrum 


i 


! | 


ae ey ee L 





2° / Extreme ultraviolet spectrum (copper spark) (Thibaud) 
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3° /Soft x-ray absorption spectra (Thibaud) 
(full size) 


a XJ AL 





K absorption edges 
of carbon, nitro- 
gen and oxygen. 





Fic. 5. Grating spectra 


voltages. The cathode was made of platinum, tungsten or molybdenum 
wire or ribbon, often coated with oxides. In-lead wires were designed 
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for 20a and the end of the cathode terminal may be cooled by com- 
pressed air. In general the target was of iron. 

II. Soft x-ray spectra. (a) Emission spectra. The illustrations in 
Figs. 4 and 5 show the general appearance of soft x-ray spectra ob- 
tained with a ruled grating. The spectra contain only a few narrow 
lines and closely resemble those of ordinary Réntgen rays. Spark 
lines and continuous radiations are not present. 

I have attempted to obtain measurements of wave length in abso- 
lute value with some precision. The grating constant, determined 
by means of the line A =5461A of mercury, was found to be d = 84774. 
The diffraction portion of the grating surface was reduced to a width 
of 1 mm by two collodion films deposited on the surface. The geo- 
metrical origin of the beam is therefore readily determined. All the 
linear and angular constants required for calculation are determined 
in recording the same spectrum at two different positions of the 


TaBLe 1. Observed x-ray lines 












































Wave length k fA 
Line Angstroms Volts | »/R _ Origin 
Ka Oxygen | 23.8 518 38.2 ) 
Ka Nitrogen | 31.8 388 28.6 | = 
K-Series Ka Carbon 44.9 275 20.3 ‘ee 
Ka Boron | 68.0 181 13.4 


/ 


























bet 17.7 697 51.4 
L-Series Ly ?Iron 19. 630 46.5 
|} 20.1 614 45.3 











M Molybdenum 
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Tantalum 58 .; 212 Nw-0O 
zZ=73 61.4 201 14.8 Ny—-0 
Tungsten 56.0 220 16.3 Nw-0 
bid Z=74 59.1 209 15.4 Ny-0 
. earn Platinum 48.0 257 18.9 Nw—-0 
Pn Z=78 51.0 242 17.8 Ny-0 
Gold 46.8 264 19.5 Nw—0 
zZ=79 49.4 250 18.4 Ny-0 








plate separated by a known distance. The values thus found for the 
constants were verified by the good agreement of the various values 
of the wave lengths of a single line, as measured on the plate in suc- 
cessive orders. 






















ta! 
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The results, obtained by the study of some sixty plates, are shown 
in Table 1, from Thibaud and Soltan. The relative values of the wave 
length (expressed, for instance, in relation to the Ka line of carbon 
taken as standard) are not erroneous by more than one part per 
thousand. The absolute precision, account being taken of all sources 
of error is equal to 0.2 to 0.3A. 


TABLE 2. Width of several lines. 








in mm. in A 





17.7A 0.09 0.12 
23.8 0.087 0.14 


44.9 0.90 
M Molybdenum 65.0 0.42 











We must remark that the width of Ka C is noticeable (0.9A). On 
the contrary, the M line of molybdenum, although more dispersed, 
is much narrower. It does not thus seem that the lines of soft x-rays 
widen when their wave length increases. Some of these are wide by 
nature, such as the line Ka of carbon. These particularly wide lines 
bear, very likely, a fine structure, resulting from the variations of 
the atomic energy levels in various chemical combinations of the 
atom. 

III. Low frequency levels. The interpretation of the spectra gives 
several results relative to the low frequency levels. 

(a) Lum level of light elements. The energies of Ka lines of the 
following elements: boron, carbon, nitrogen, oxygen, fluorine’? fall 
strictly in a straight line on the Moseley diagram. If on the other 
hand, we adopt the values given by Holweck" for the K absorption 
potential of these elements, we find, in subtracting, the energy of 
the Ly-11 level, the following: fluorine, Li;~111=12.2 volts; oxygen, 
Lu-mu1=10 volts; nitrogen, Li-11=9 volts; carbon, Ly=7 volts; 
boron, Ly; = 10.6 volts. The first four values lie on a straight line, which 
crosses the Moseley line (relative to the Zn—m level of the elements 
above Z=10) exactly at neon. Kossel’s hypothesis is thus justified, 
viz. Moseley’s line goes upwards when the level becomes a valence 
level (for elements below neon). 


#© Thoraeus and Siegbahn: Archiv. f. Mat. Astr. och Fysik, /8, p. 1; 1925. 
4 De la lumiere aux rayons X (Presses Universitaires (1927)). 
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Boron is an exception. This is due, without doubt, to the hich 
value for the K level by Holweck (192 volts). The Ly level of boron 
is correct when we adopt (from our value KaB=181 volts) for the K 
level of boron 187.5 volts. 

(b) M Series. This series in the case of molybdenum must be 
reduced to a small number of lines, the N levels being incomplete 
yet for this element. The strong line \=65 A, which comes from 
MyNu-m represents a wide extrapolation for the element Z =42, of 
the lines M, N; observed by Hjalmar for the heavier elements and by 
Thoraeus for tungsten. 

The weak line \ = 54.9 A could be due to the transition Miy_yNr_y. 

(c) N Series. A fine regular doublet (AX =3A) belonging to the V 
series, appears for the heavy elements (gold, platinum, tungsten, 
tantalum). It is due to transitions from the O level (probably On—s:) 
to the Niy and Ny levels." 


ABSORPTION SPECTRA 





In these earlier line spectra I have never noted the emission of a 
continuous radiation. Recently,’ however, using elements of high 
atomic weight as anticathode and intense electronic current in the 
tube (100ma), I have been able to demonstrate the emission of a 
continuous spectrum from solid bodies between 15A and 200A with 
properties similar to the independent background of a Coolidge tube. 

The continuous background registered in my spectra is not uniform, 
but divided by a succession of fine bands with abrupt edges on the 
short wave-length sides (Fig. 5). The absorption of soft x-rays, then, 
varies discontinuously whenever the frequency of the independent 
radiation reaches a discontinuity of atomic absorption of elements 
present in the path of the rays. The elements present in the vacuum 
spectrograph, are carbon (vapor from grease used in joints), nitro- 
gen and oxygen, and, in fact, we observe the intense K band of car- 
bon ( in five orders), and also of nitrogen and oxygen. The wave length 
of these K edges are as follows; 



















(A) V (volts) v/R 
Carbon (C) 43.5 284 21.0 
Nitrogen (Ne) 31.1 397 29.3 
Oxygen (O,) 23.5 524 38.7 


in good accordance with Holweck’s results from the ionization method. 


12 Tt is to be noted that the numerical accord, from Bohr and Coster’s data, would be very 
good, taking Ny1_vn as the starting level. See Journal de Physique, December, 1927. 
12’ J. Thibaud, Comptes Rendus, January 30, 1928. Nature, March 3, 1928. 
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The absorption spectra reproduced in Fig. 5 are the first to be 
recorded by a photographic method in the gap between the ultra- 
violet and x-rays. 

IV. Refractive index for soft x-rays. Recent researches have shown 
that for ordinary x-rays the refractive index yu is less than unity and 
that it can be expressed by the Drude-Lorentz formula: 

e N; 
prin Oe v?—y,? 

This leads to the prediction (neglecting the characteristic frequencies 
for atomic oscillators) that 6 varies as the square of the wave length. 

As regards hard x-rays (6 order of 10-*) the index being very close 
to one, the refraction is practically negligible for the selective re- 
flection of this radiation inside a crystal. On the contrary, as regards 
soft x-rays, (6 predicted, order of 10-*) refraction is quite noticeable 
and we must take it in account in the Bragg formula. Now all at- 
tempts to fill the gap between ultraviolet and x-rays are based on the 
turning crystal method (stratified coats of fatty acids with very long 
spacing). Refraction being then important, the measurements of wave 
lengths made by this method will show an important discrepancy in 
relation to absolute measurements such as those made by aid of a 
ruled grating. 

This supposition is thus verified: If Dauvillier’s data’* be com- 
pared to mine, concerning lines Ka of oxygen, carbon and boron; we 
observe that the values obtained with the crystal are systematically 
higher than those obtained with the ruled grating, and that further- 
more, this discrepancy increases with wave length. The difference 
AX, negligible until 20A remains very near 1A between 20 and 50A, 
and reaches 5.5A for the Ka line of boron. (Dauvillier finds 73.5A; 
I find 68A.) 

From this discrepancy we can compute the refractive index of the 
fatty acid used as a crystal grating for the wave length A=68 A. We 
find 

6=1.2X10-? 


A theoretical computation. account being taken of the K absorp- 
tion of the oxygen and carbon atoms of the fatty acid leads (accord- 
ing to Kallmann-Mark formula" to: 


43 Journal de Physique, 8, p. 1; 1927. 
1 Ann. der Physik, 82, p. 585; 1927. 





Jean THIBAUD [J.0.S.A. & R.S.L, 17 


6=1.0X10-? 


in accordance with the experimental value. 

We can then conclude that soft x-rays, as ordinary light and hard 
x-rays, show a refractive index which follows the Drude-Lorentz rul-. 

Then Thoraeus and chiefly Dauvillier note a widening of the lincs 
when the wave length increases. The lines become broad and diffus«. 
We have not observed this phenomenon with use of ruled gratings. 
Even lines of great wave length remain tolerably narrow. The observa- 
tion of the above mentioned authors is due to the crystal grating; in part 
because, on account of the high absorption coefficient, the number of 
reflecting planes effective in the diffraction is small and in part because 
of the refraction effect. Ewald has computed that in a crystal of index 
u, the diffracted lines show an angular width: 


Ad = 45/sin 26. 


This would lead a width of 7A for a line at \=68A with a fatty acid 
grating of index 5=10-*. This agrees with the widening observed for 
the lines. 

The effect of the refractive index is thus a serious difficulty in the 
extension of crystal methods to the longer wave lengths. Such dif- 


ficulties are obviated by the use of the ruled grating at glancing in- 
cidence. 


X-Ray Puysicat Laporatory or M. pe Brociiz, 
29 rvE CHATEAUBRIAND AND 12 RUE LoRD Byron 
Paris 8°, FRANCE. 


Note added in proof—The grating spectrograph, with tube for soft x-rays, is now built 
for sale by the firm Adam Hilger, Camden Road, London. 





THE SPOT OF LIGHT READING DEVICE 
FOR GALVANOMETERS 


By T. TownsenpD SMITH 


I have recently had occasion to devise an optical projection system 
to be used for projecting a spot of light by reflection from a galvano- 
meter mirror. Inasmuch as the conditions which determine the bright- 
ness of the projected spot are rather readily stated and seem not to be 
available in convenient form and as a projection system can be cheaply 
and readily built, some account of the matter may be of interest. 

The projection system requires only spectacle lenses, which in an 
uncut form may be bought cheaply from any obliging dealer in spectacle 
lenses. The source of light which I have used is a 24 c. p. automobile 
head lamp, which is run by a small transformer—certain toy trans- 
formers answer nicely. 

With such equipment we have a spot of light in our lecture room 
which can be used without darkening the room at all on a dull day and 
with only a moderate amount of shading on bright days. The diffused 
light in the room may be ample for, e.g., the taking of lecture notes by 
auditors and the lecture table may be brightly illuminated so that all 
apparatus and manipulation may be clearly discerned, and at the 
same time the spot of light, is bright enough for its position on the 
scale to be readily read. The scale is shielded from the direct light of 
the lamps above the lecture table but is not boxed in or shaded other- 
wise. If the room be darkened, three spots of light appear on the screen: 
—the brightest due to reflection from the silvered rear surface of the gal- 
vanometer mirror; a second spot, distinct in the darkened room due to 
reflection from the front surface of the galvanometer mirror; and a 
third spot, due to reflection from the cover glass of the galvanometer 
housing. These last two disappear when the shades are pulled up. 

In our lecture room the distance from the galvanometer mirror to 
the scale is approximately eleven meters, and to get a bright spot at 
that distance requires some little attention to the design of the lens 
system. For shorter distances a satisfactory brightness may be ob- 
tained with less care. 

THE PROJECTION SYSTEM 

Fig. 1 represents the optical system which I have used. It is optically 

the same arrangement as that of the usual projection lantern with the 
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single exception that the width of the beam which forms the image, 
is limited, not by the aperture of the projection lens, L but by the 
diameter of the mirror M of the galvanometer. To simplify the figure 
the mirror is shown simply as an aperture and the beam is allowed to 
pass through this stop instead of being reflected at the mirror. 


Fic. 1. The lens system. 


Light from the head light bulb H is brought to a focus at the mir- 
ror M by the combined action of the condensing lens C and the pro- 
jection lens ZL. The projection lens ZL forms an image of the con- 
densing lens at the scale. This image is the spot of light, the move- 
ment of which measures the rotation of the galvanometer mirror. 
The image of a cross wire, or some other suitable marker at C is used 
as the reference mark for measuring the movement of the spot. 

The image of the lamp filament formed on the galvanometer mirror 


has the appearance indicated in Fig. 2, the size of this image being de- 
pendent upon the focal lengths of the condensing and of the projection 
lenses. 


Fic. 2. Image of lamp filament on the galvanometer mirror. 


THE BRIGHTNESS OF THE SPOT 


The illumination of the spot of light is dependent upon: 

1. The brightness of the source of light, to which it is directly propor- 
tional. 2. The area of the galvanometer mirror, to which it is propor- 
tional in the most favorable case. In less favorable cases the illumina- 
tion is proportional to the area of the illuminated portion of the mirror. 
3. The distance from the mirror to screen, the illumination being in- 
versely proportional to the square of this distance. 4. The amount of 
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light lost by reflection and absorption in the optical system. These 
conditions are probably apparent to photometrists, but not, I believe, 
to physicists generally. They are readily deduced. 

The brightness 6 of a surface is defined as the light flux emitted 
per unit area of surface per unit solit angle. It is apparent from the 
definition that the light flux which will pass through a small area ds of 
the condenser lens C will be equal to 


b-a-ds 
d? 


where a is the area of the light source and where d is the distance from 
source to condenser lens, Fig. 1. Part of this flux will probably be inter- 
cepted at the mirror-stop M and hence will not reach the screen. 

In order to get a uniformly illuminated spot of light on the screen, 
an image of the source needs to be formed on the mirror M and the 
useful cone of light is dependent upon the area A of the illuminated 
portion of the mirror. In the most favorable case this area is the area 
of the mirror. We have then that the useful flux of light, which leaves 
the area ds is 


b- B-ds 


uz 


where B represents the base of the useful cone at the lens L. This flux 
is distributed over an area dS of the screen, so that for the illumination 
at the screen one may write 


where A is the illuminated area on the mirror M and D is the distance 
from the mirror to the spot of light, S. This last expression is the one 
desired. 

It appears, then, that for a given distance D from galvanometer 
to screen the illumination of the screen can be increased only (1) by 
increasing the effective area of the galvanometer mirror or (2) by in- 
creasing the brightness of the source. An increase in the brightness 
of the filament of an incandescent lamp may be obtained only by an 
increase in the temperature of the filament and for a given lamp this 
would mean increasing the potential drop across the lamp. 
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It appears further that, except for light lost at the condenser, the 
illumination of the spot S is precisely as great as would be obtained if 
the lamp H were placed at C and the condenser lens were removed, 
an image of the lamp filament being formed at S. Ordinarily this image 
would not be as convenient as the spot of light and, as the gain in 
brightness at S is small, the spot of light is the preferable arrangement. 


THE LENS BENCH 


A sketch of a suitable lens bench is shown in Fig. 3, approximately 
to scale. The exact dimensions are obviously of no great importance. 


4 i 


ia d 
Fic. 3. Bench and mounting for the optical system. 




















The bench proper consists of two pieces of galvanized pipe (about 
i inch outside diameter) set into wooden blocks for end pieces. 
The carriages are made of wood, except for a piece of spring brass 
which holds the carriage to the bench. A carriage is shown as mounted 
on the bench in Fig. 3 at a, in plan at b, and at ¢ and at d are cross sec- 
tions of a lens carriage and of the lamp support and housing. 

No great range of adjustment for line is necessary. A side ways 
movement of the lenses of perhaps half an inch is provided by using 
slotted holes where the lens holders are screwed to the base blocks, and 
a vertical movement of the lamp is afforded by setting the lamp in a 
split brass draw tube, friction being ample to secure the desired stabili- 
ty of setting. The bayonet socket, which is customarily used in head- 
lights, heats badly in this mounting and the lead wires are therefore 
soldered directly to the lamp terminals. The benches are merely 
blocked up to get the desired slope for the laboratory galvanometers. 
The lecture room bench is provided with levelling screws, though thin 
wedges would probably answer nearly as well in providing the some- 
what finer and more convenient adjustment there desired. 
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EXAMPLES OF PROJECTION SYSTEMS 

In Figs. 4 and 5, I have sketched two examples of the use of the pro- 
jection system here discussed. 

The example shown in Fig. 4 is of a galvanometer which is mounted 
in a corner of our electrical measurements laboratory. The galvan- 
ometer and lens bench are on a shelf, which is perhaps six feet from the 
floor and the spot of light appears on a scale in the corner, about two 
or three feet above the eye, the light being reflected from the mirror, 
and going above the lens bench to the wall. The lamp is run by a 


() 140 cm 


Fic. 4. An électrical laboratory set-up. 


Wall \ 





ss 


Thordarson “Danditoy” transformer, set at 7.5 volts, though I think 
the actual potential drop across the lamp is less than that. The spot 
of light is bright and clear, about 20 cm in diameter and the movement 
of the spot is indicated by the position of a vertical line, the image of a 
fine wire stretched across the back of the condenser lenses. The scale 
is divided to centimeters and is readily read to a tenth of a division, 
so that the sensitivity of the instrument is about 140/500 or .28 of the 
sensitivity which would be obtained with a telescope and scale at a 
distance of 50 cm. 

The galvanometer is of the tripod pattern, with a plane mirror, 
and an aperture of about five millimeters. The projection lens is a 
double-convex 3 diopter spectacle lens, and the condenser system is 
composed of two 6 diopter periscopic lenses, the clear aperture being 
about 42 mm. The lamp housing is a short length of two inch sheet iron 
pipe, without a top. 

The sensitivity would be improved by placing the lens bench above 
the galvanometer and making the reflected beam pass under the 
bench to form a spot on the wall just above the level of the eye, in 
which case smaller divisions on the scale would be serviceable. This 
would necessitate hanging the lens bench from the wall and rearranging 
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the whole set up. As the present arrangement is reasonably satisfactory, 
I have not as yet made the change in our laboratory. r 

The example sketched in Fig. 5 is the set up of our lecture room gal- 
vanometer. The galvanometer is on a shelf at one side of. the room 
and the scale is in the corner across the room about eleven meters from 
the galvanometer. The 24 c.p. 6-8 volt lamp is run by a transformer 
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Fic. 5. The arrangement lens system for lecture room galvanometer. 


at eight volts, and the spot of light is clear and sharp, as is indicated 
in the introductory paragraph above. The marker is of the type 
indicated in Fig. 5, such a marker being more legible than a vertical 
line to observers who are rather distant from the screen. The scale 
divisions are 5 cm. in length and hence the sensitivity is 
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of the sensitivity of a telescope and scale at fifty centimeters. 

The galvanometer mirror here used has a diameter of 1.25 cm. The 
projection lens system has a power of 1.87 (focal length about 53.5 cm) 
and is composed of a 1.5 and a 0.37 diopter spectacle lenses placed 
close together. The prism has a length of 2 cm on the edges of the square 
faces. The condenser system is composed of two 8 diopter periscopic 
spectacle lenses, the clear aperture being about 38 mm. The lamp 
housing is a short length of two inch pipe, provided in this case with 
a top to cut down the amount of stray light, which is not desirable in a 
class room. 


FOCAL LENGTH OF THE PROJECTION LENS 


There are two points which remain to be considered. The first is the 
question of what focal length the projection lens should have. Inasmuch 
as the brightness of the spot does not depend upon this focal length, 
the choice can be made on the basis of convenience. 
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The size of the filament spiral of the lamp is fixed and the size of the 
galvanometer mirror is fixed, so that the necessary magnification of 
the filament to satisfy the condition of maximum brightness is fixed, 
irrespective of the focal lengths of the lenses. If a short focal length 
projection lens is used, a correspondingly powerful condenser will be 
necessary, and convenience in this respect calls for as long a focal 
length as is feasible for the projection lens. This accounts for the rather 
odd combination of lenses in the projection lens for our lecture room 
galvanometer, as the system was fitted to a bench which had been 
previously built. 


THE SENSITIVITY OF THE SPOT OF LIGHT METHOD 


The other point is the question of the relative sensitivities possible 
with a spot of light and with a telescope and scale. 

In the two examples here given of a spot of light, the sensitivity 
is less than with the ordinary telescope and scale reading device with 
the scale at 50 cm. I have convinced myself by trial that the spot of 
light may be made to equal or even to slightly surpass such a sensi- 
tivity of reading. Such a sensitivity is not, however, the limit with a 
telescope and scale. Using a telescope and scale and the half centimeter 
mirror referred to above, I have gotten at a distance of two meters, 
a sharp image of the galvanometer scale easily readable to a tenth of 
a millimeter, and I think that usable images could be obtained at a 
somewhat greater distance. The limit is, of course, set by the resolving 
power of the optical system. I doubt if it would be possible to match 
with the spot of light the sensitivity attainable with telescope and scale. 

The advantage of the spot of light is one of convenience, and one 
must, I believe, be prepared to sacrifice a certain amount of sensitivity 
on the altar of convenience, if one wishes to use such a reading device. 

Other examples of galvanometer spots of light will be found in the 
article on Projection Apparatus in volume Iv of the Dictionary of 
Applied Physics. 

For a further discussion of the general question of luminous intensity 
see, for example, Southall’s Geometrical Optics. 

Brace LABORATORY, 


UNIVERSITY OF NEBRASKA, 
LrincoLn, NEBRASKA. 
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Matter, Electricity, Energy. By W. Gerlach. Translated from ¢ 
German by Francis J. Fuchs,. xii+427 pages. D. Van Nostrand © 
New York. $6.00. 


This is a translation of the German edition of 1926 practically witho 
change. Many topics are included which are not ordinarily treated ij 
accounts of experimental work on quantum theory such as,—atomic ra 
dipole theory, nuclear disintegration, supraconductivity, conduction ¢ 
electricity through crystals, the continuous x-ray spectrum, and characte 
istic infra-red frequencies. The chapters dealing with researches in which 
Prof. Gerlach has participated are especially interesting. Attention mu 
be called to minor faults. There are numerous misprints and often th 
phraseology is not in agreement with the usual English rendering of Gerd 
man scientific terms. Usually however, the translation is clear and idio 
matic. On page 98, the value of the Faraday is given as 96560 coulombs. If 
would be well if more American publishers would adopt the practice o 
furnishing an erratum slip. 

The reviewer feels it is unfortunate that the author and the translator 
did not bring the book strictly up to date in issuing this edition. Thé 
spinning electron is barely mentioned. It is stated that the hypothesi 
“presents advantages only in the unification of the theoretical speculations 
No experiment has as yet been published as a test for this theory; likewi 
no finding that would require a magnetic moment on the part of t 
electron.” It is difficult to understand why spectral evidence on the spin 
of the electron should be held in such low esteem. Much interpretation i 
required in order to conclude from mechanical experiments that the in- 
dividual atoms have quantized magnetic moments. 

The chapter on atomic disintegration gives a false impression of thé 
status of this subject. The results of the Vienna school are stated with @ 
certainty which is unjustifiable even at the present time, to say nothing 
of the situation in 1926. On p. 309, it is stated that the photoeffect is inde- 
pendent of temperature. This is only a half-truth, in view of the work o 
Ives on the alkali metals. It must not be thought from these criticisms 
that the book is not an excellent one, for it does perform a definite service. 
It will be very useful to those who approach the subject for the first time, 
and the wealth of detail will make it interesting to those who, like the) 
reviewer, find it impossible to read all experimental papers on- atomic 
structure. 

Artuur E Rvark 








